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PREFACE 


The student of Organic Chemistry will probably 
be impressed at an early stage with the importance 
of metallic sodium and its compounds in synthetic 
workj and will subsequently mark the value of such 
substances as acetoacetic-^ malonic-, and cyanacetic- 
ester and their sodium compounds. 

He will notice the use of aluminium chloride in 
the preparation of various aromatic compounds^ will 
hear the story of the discovery of the zinc alkyls, 
and will possibly be attracted by those interesting 
bodies, the organo-metals. 

Various metals and metallic, derivatives have been 
utilised in the development of Organic Chemistry, 
and during recent years, much attention has been 
given to the use of magnesium in the Grignard 
reaction and to the value of the carbides in the 
fixation of atmospheric niti’ogen, while the reduction 
and synthesis of organic compounds in the presence 
of reduced nickel and other metals has, by develop- 
ment, led to the discovery of numerous catalytic 
changes in the presence of certain metallic oxides. 
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PREFACE 


In this volume an attempt has been made to 
present an account of the uses to which the metals 
and certain of their compounds have been put^ and 
the work is based upon a course of lectures^ on this 
subject; recently given by the author to the advanced 
students of Finsbury Technical College. 

Each chapter is supplemented by an appendix of 
practical work exemplifying the methods mentioned 
in the text. 

Most of the preparations have been canned out in 
the College laboratories; and in connection with jthis 
part of the work the author desires to acknowledge 
the valuable assistance of two advanced students^, 
Messrs. T. McLachlan and E. Mendoza. He is also 
indebted to Mr. P. W. Streatfeild; F.I.O.; Senior 
Demonstrator; for help during the reading of the 
proofs. 

A. J. H. 


London ; 

Felruary, 1914. 
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THE SYNTHETIC USE OF METALS 
IN ORGANIC CHEMISTRY 

CHAPTEK* I 

SOBITJM AND POTASSIIIM 

^ Almost the first metal to he used for organic 
synthesis; sodium coutimies to hold a foremost posi- 
tiu^i among all the metals utilised as synthetic agents 
in organic chemistry. Although potassium was the 
first usedj being applied by Pranldand and Kolbe 
in 1848 to the preparation of hydrocarbons by heat- 
ing the metal with alkyl nitriles^ yet sodium has 
always received a far wider application. Twenty- 
three parts by weight of sodium sufficG to bring 
about a chemical change which would require tlio 
use of thirty -nine parts of potassium; and this fa.ct, 
together with the lower price of sodium; gives the 
metal an economic advantage. 

Another reason for the priority of this metal is tliat 
in many cases the more electro-positive and more 

chemically active potassium proves to b© too violent 
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in its action, and renders tlie control of the reaction 
difficult. 

After the investigation of Prantland and Kolbe 
mentioned above, Frahkland in the following year 
heated metallic zinc with alkyl iodides, and besides 
preparing paraffin hydrocarbons in this way, he 
also discovered the zinc alkyls, the first of the 
organo-metallic compounds.^ 

In 1850, Williamson prepared certain ethers by 
the interaction of alkyl iodides and sodium ethoxide, 
a method of preparation which rendered evident the 
constitution of these bodies : 

CsHgl + CaHsONa = Nal + C2H5.O.C2H5. 

In 1855, Wurtz emphasised the importance of* 
sodium for preparing the paraffin hydrocarbons, and 
prepared di-isobutyl, by the action of the metal | 
upon isobutyl iodide^ : • 

2(CHa)2CH.CH2l + 2Na = (CH3)2CILCIl3.CH2.CH(CH3)2 + 2NaI. 

A few years later, Fittig applied this reaction to 
the synthesis of aromatic hydrocarbons by condensing 
aryl and alkyl radicles. The following reactions 
will indicate the usefulness of this method^ : 

CgHfiBr + CHsBr + 2 Ka = CoHs'CHa + 2 NaBr. 

Brombenzeue. Methyl Methyl benzene 

bromide. (toluene). 

C6H4Br2 + 2C2HSI + 4 Nra «= C 6 H 4 (C 2 H 5)2 + 2 NaI + 2 ]SraBr 
Dibrom-benzene. Ethyl iodide. Diethyl-benzene. 

In these changes the alkyl groups take up the 
positions occupied by the halogens in the benzene 
nucleus. 

After 1850, various compounds were prepared by 
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til© agency of sodium aud potaBsiumj ami tlm follow- 
iug are examples of some of tlio best known reac^iioim 
of tills class : 

Phenol and other formation : 

ojjftONa 4- crrr,r « 4 NiU 

Sodiuia plionato, AutHolo 

(ruotliyl phonyl tdhtn*). 

The same exchange is olTectod by iising an idkyl 
sulphate or an alkyl hydrogen Bulphato : 

OaHfiOK 4 GjjH[ 6HS(\ + KlbSO, 

Efcliyl hydrogen 
Bulphato. 

2C2II6OE: 4 (0113)3804 203113.0,0113 4 Kij 804 

Methyl atilphato. Ethyl methyl ether. 

The following are characteristic reatJtionH of 
alkyl potassium sulphates : 

When heated alone they yield olonnos : 
c..rXsKS04 « (yii 4 ichbo^. 

When boiled with water |Jiey yic^ltl alcoliols ; 

03H3KSC)4 4- II2O - OgHftOn r KH 8O4. 

When treated with Kl, K,ON, KHH, thciy 

yield alkyl iodides, nitrihjs, thio-ethers ami mem 
captans raspoctivoly : 

BK8O4 4 Kf ^ RT 4 K,jB()4 

b.k:bo4 4 ;kon - itc^N 4 K.BO4 

2EKSO4 4 IC.B ^ B.H,R 4 

RKBO4 4 KBII - K.B.IL 4 K2KO4. 

When heated with the alkali salts of organic acids, 
esters are obtained : 

RK:S04 4 CH3COOK ClIaCOOB 4 K^HCX* 

RKSO4 4 CgllsCOONa - Cflll^OOOB 4 KNuBO,. 

Sodium honssoate. 
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Acid anhydrides are produced by distilling a 
mixture of the acid chloride with an alkali salt of 
the acid : 

CH3COCI + CITaCOONa = (CH3C0)2O + NaCl 

Acetyl cliloride. Acetic anhydride. 

CeHsCOCl + CfiHsCOOK = (C6H5C0)20 + KOI 

Benzoyl chloride. Benzoic anhydride. 

Numerous hydrocarbons can be prepared by the 
action of sodium upon halogen substitution products. 

In addition to those already mentioned, un- 
saturated hydrocarbons can , be synthesised in this 
way : 

2CH2 : CH.CHsI + 2Na - CH2 : CH.CH2.CH2.CH : CHs + 2NaI 

Allyl iodide. Diallyl. 

2OH2 : CHBr + 2Na - CH- : CH.CH : CIL + 2]SraBr 

Vinyl bromide. Bivinyl. 

Sodium has played an important role in the pre- 
paration of many polymethylene hydrocarbons and 
their deriyatives. 

The first member of this series of hydrocarbons 
was prepared by Freund (1882), by allowing Bodiuin 
to act upon trimethylene bromide'^ : 

yCHsBr y CH> 

CK/ + 2 m == CH/ I “ + 2NaBr. 

\CH2Br XCHs 

The same method was used in 1888, for preparing 
methyl tetra-methylene from 1 : 4-dibrompentane® : 

CH3.CH. CHs 

CH3.CHBr.CH2,CH2.CH2Br + 2Ma = | 1 + 2NaBr, 

CH2.CH0 

and again in 1894 for preparing hexamethylene from 
the corresponding dibromide ; 
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CH3.CHj.CHjBr CHj.CHj.CHj 

i + 2Na = I I + 2NaBr. 

OH3.CH2.CH2Br CH3.CH2.OH5 

Cyclohexane. 

Many polymetliylone cai'boxylic acids can bo pro- 
paved by the aid of di-sodiuai inalonnfco : 

CH„Br /COOC.,115 CHjV /COOCal-Ij + 2 NaBr 

I • +Na2C( ■ = I X 

CHjBr \COOC2H5 CHi/ \COOC2Hj 

Trimetliyleiie dioar). )Oxy lie oaior. 


The condensation product when liydrolyBod gives 
the corresponding acid and the latter on heating, 
passes to a monocarboxyl compound : 


CH2\ /COOH 

da/^XcooH 


Heat CH..' 


cji.y 


CII.COOH + CO,, 


Similar compounds are formed by nsing trimotliy- 
lene dibromide and pentamotbylene dOjiDinido.” 

Numerous acids may bo prepared by tbo action of 
carbon dioxide upon aromatic halogen compouudsj in 
the presence of sodium. 

This method was first used by Kekuld in 1860 for 
preparing benzoic and toluic acids from broinbonzouo 
and bromtoluene : 


CjHsBr + CO 2 + 2Na = CuHjCOONa + HaBr 
/CHj /CHa 

CeHZ + CO, + 2Na = CcH/ + NaBr. 

NiOONa 

Magnesium is now used instead of sodium for this 
type of reaction (see later). 

Wurtz, by tbo aid of chloroformic ostor, prepared 
the corresponding esters of these acids : 

CsHjBr + 2Na + ClCOOC.Hj = CA.COOCjIIj + NaCl + NaBr. 
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Uses oe Aceto-acetic Estee. 

This useful reagent was discovered by G-euther in 
1863^ who prepared it by the action of sodium upon 
ethyl acetate. 

About the same time Frankland and Duppa^ using 
the same reaction^ discovered that the hydrogen 
atoms of the methylene group are replaceable by 
sodium and various organic radicles. 

Geuther repi’esented the substance as CH 3 .C(OH) 
: OH.OOOC 3 H 5 , that is j 3 -hydroxyorotonic estei% but 
Frankland and Duppa preferred the keto formula 
OHg.CO.CHg.OOOOgHg, and represented it as aceto- 
acetic ester.*^ 

The formation of the substance may be represented 
thus : 

CH3.COOC2H5 + CH3.COOC2H5 - CH3.CO.CH2.COOC2H5 + C2H5OH.8 

Wislicenus had by 1877^ investigated the substance 
and shown that other substances contained methy- 
lene groups^ the hydrogen of which could be replaced 
by sodium.^ 

A few years later, Conrad showed that an alcoholic 
solution of sodium ethoxide would suj0S.ce, in place of 
metallic sodium or the dry ethoxide, for this type of 
reaction ; he applied his method in particular to the 
preparation of alkyl malonic esters.^^ 

Not only does condensation take place between two 
molecules of an ester such as acetic ester, but also be- 
tween an ester and a ketone. Acetyl acetone can be 
prepared, for example, from acetic ester and acetone : 

OH3.COOC2H6 + CH3.CO.CH3 - 0H3,C0.CH2.C0.CH3 + C2H5OH. 

Propionic and butyric esters undergo the same 
type of condensation : 
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2CH3.CH2.COOC2HS = CH.,.CHj.CO.CH.COOC2Hj + C3H5OH 

I 

CHa 

Propio-propionic ester. 

2C2H5.CH3.COOC2H5 = CjHs.CHj-CO.CH.COOCaHj + CjHjOH 

ck 

Biityrobutyric ester. 

Ill both cases the carboxyl group of one molecule 
of the ester attaches itself to the a-carbon atom of 
the other. The yields in both cases are lower than 
that obtained with acetic ester^ which is about 25 
per cent, of that calculated. 

Isobutyric and isovaleric esters were found by 
Hantzsch^^ to follow a different course. 

The compound which might be expected when 
using isobutyric ester could not be isolated^ and was 
apparently reduced by the sodium present to eth- 
oxycaprylic ester^ while simultaneously some of it 
became hydrolysed to hydroxycaprylic acid thus : 

2q2“^CH.C00C3Hs -> 

(CH3)2Cn.C(OH)(OC3Hs).C(CH3)2.COOC2H5 
Not isolated. 

Partly reduced to (CH3)2CH.CH.(OC2H6).C(CH3)a.COOC2H5 
Etlioxycaprylic ester. 

Partly hydrolysed to (CH3)2CH.CH(OH).C(CH8)2.COOH 
. . Hydroxycaprylic acid. 

Similar changes occurred when using isovaleric 
ester and are represented by the following equations : 

2(CH3)2CH.CH2.C00C2H5 -> 
(OH3)2CH.GH2.C(OH) (0C2H6).GH.C3H7.C00E 
Not isolated. 

(GH3)2CH.CH..CH(0C2H6).GH.G3H7.C00C2H5 Ethoxycaprio ester. 
( 0 H 3 ) 2 GH.CH 2 .CH( 0 H).CH,C 3 H 7 .G 00 H Hydroxycapric acid, 
Acetoacetic ester was the first of those compounds 
to be studied; which contain the grouping — ^00 — 
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OH2— CO — , the hydrogen of the methylene group 
(CH2) being replaceable, entirely or in part, by 
sodium. Around its constitution and principal re- 
actions much controversy was destined to take place, 
and even now the last word has not been heard con- 
ceiving this important and interesting substance. 

Geuther, endeavouring to show that a second 
hydrogen atom of acetic acid could be replaced by 
sodium, caused the metal to act upon acetic ester. 
Hydrogen was evolved, sodium ethoxide was formed, 
and a solid sodium compound was isolated, having the 
composition C^HgOgNa, which on acidifying yielded 
an oil capable of forming salts with bases. Geuther 
also proved that by the action of alkyl iodides the 
sodium was replaced by alkyl, and this fact was con- 
firmed shortly after by Prankland and Duppa. 

Wislicenus next showed that the product under 
discussion was acetoacetic ester and that two hydrogen 
atoms were replaceable by sodium in two stages. 
He represented the reactions in the following manner, 
adopting the formula of Prankland : 

(i) CH3.CO.CHNa.COOC2Hs + CaHgl = 
CH8.C0.CH(C2H5).C00C2H6 + Nal 
(ii) CH3.CO,C]Sra(C2H6).COOC2H5 + C2H5I = 
CH 8 .C 0 .C(C 2 H 5 ) 2 .C 00 C 2 H 5 4 - Nal 

Geuther ascribed the enolic or hydroxylic formula 
0H3.C(0H) : OH.OOOO2H6 to the substance, main- 
taining that it explained better its chemical nature. 

Claisen was the first to propose an important ex- 
planation of its mode of formation, and offered a view 
which is still regarded with favour.^^ This view is, 
that the condensation of acetic ester, and other con- 
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densations of this type^ take place through the 
formation and subsequent decomposition of an inter- 
mediate addition compound^ in the formation of which 
sodium ethylate plays an important o'ole. The vstagcs 
of the reaction may therefore be represented thus: 

^ONa 

CH 3 .OOOC 0 H 5 + C^HsONa - CHa.C-OOaHV, (Intermediate com- 
.ONa 

0113.0-00,115 + 0113.0000,115 - 

'^OOsHr. 

CH3.C(ONa): Cir.COOO.,H5 + 20,HsOH. 

Sodium derivative. 

The sodium derivative is decomposed by weak acids 
yielding acetoacetic ester, for which reason the 
derivative is frequently represented with sodium 
linked to carbon directly and the liberation of the 
ester is then represented thus : 

CHy.CO.CHNa.OOOCsHs + IICl - CH3.CO.CII2.OOOO2H5 4 - NaCl 
The above intermediate compound has not boon 
isolated, but by the interaction of benzoic methyl- 
ester and sodium benzylate an analogous compound 
has been produced and separated. 

^ONa 

O5H5.COOOH3 + CoH5.CH,ONa » CuHs.C -OOIIa 

^OCHaColIj 


Other compounds containing a methylene gi’oup, 
the hydrogen of which is replaceable by sodium and 
by alkyl groups, are : 


Acetyl acetone 011,0 0. Oil,. OOOil^ 

Malonio ester 0 ,n 500 C.OXI,.COOCj 2 ll 5 
Acetone clicarboxylic estor OiPIijOOO.Clb.CO.Clig.OOOO^ri^^^ 
Oy anacotic ester N 0 . OIL.C 

Benzyl cyanide NO. Oil, .0 Jin ' 

Deoxybenzoin CePIs.oA.^^E'a. 

(iof LIBRA 
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A few applications illustrating the value of these 
sodium derivatives may now be outlined. 

The sodium derivative of acetoacetic esber^ pre- 
pared by treating the ester with an alcoholic solution 
of sodium ethylate^ is converted into an alkyl sub- 
stituted ester by boiling with any alkyl iodide : 

CHs.CO.CHa.COOaHg -> CHs.CO.CHNa.COOCjHg 
CH3.CO.CHR.COOC2H5 

A second radicle B} may be caused to replace the 
second hydrogen of the methylene group^ by repeat- 
ing the treatment with sodium ethylate and an alkyl 
iodide E^I. 


CH3.CO.CHKCOOC2H5 ^ CHa.CO.CNaE.COOCgHs 
CHs.CO.CH^R.COOaHfi 


These substituted esters^ like aceto-acetic ester 
itself^ can be hydrolysed in two different ways and 
thus yield a variety of ketones and acids of the 
acetic seriea.^^ 

Boiling with dilute acid or dilute alkali brings 
about ketonic hydrolysis chiefly : 


R 

CHa.Coi. 


COOC2H5 + HP = CHj.CO.CHEHi + cOj + CjHpH, 
Kotono 






while boiling with strong alkali favours acid hydro- 
lysis : 

R 

CHa.CO.O.COOaHs + 2LRO- CH3COOH + CERR^COOn + C2H3OH. 
I " ' Acid 

Ri 

Malonic ester in particular can be used for pre- 
paring higher acids of the acetic series by first 
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replacing one or both of the methylene hydrogens 
by an alkyl group : 


yCOOCsHs /COOCaHg 

CH2; CHRf 

\COOC0H5 \COOC2H5 


or CRRi 


/COOC3H5 

\COOC2H5 


On hydrolysis these substituted malonic esters 
give the corresponding acids and the latter on being 
heated to 200° lose carbon dioxide : 


che: 


/COOH 

\COOH 


-^E.CHa.COOH; CRBi 


/COOH 

\C001l 


ER^CH.COOII 


The monosodium derivative of aceto-acetic ester 
on treatment with iodine undergoes condensation to 
a dibasic ester (diaceto-succinic ester). 

• CHa.CO.CHN'a.COOCaHs CH3.CO.CH.COOC2H5 

+ I2 ~ I + 2!N'aI 

^ CH.j.CO.CHN'a.COOCaHg CH3.CO.CH.COOC2I-IB 

^ ^ The mono-sodium compound of malonic ester 

gives a tetra-carboxylic ester when similarly treated 
(ethane tetra-carboxylic ester): 

/COOC2H5 CHCCOOCaHsla 

2CHNa< +l2=l + 2M 

^COOCgHg CH(C00C2H5)2 

Acetyl aceto-acetic ester is prepared by the action 
of acetyl chloride upon the compound OH3.CO.CH 
Na.COOOgHg, and on hydrolysis gives acetic and 
aceto-acetic acids : 

CH3.CO.CH.COOC3H5 

I + 2H2O = 

OOCH3 

CH3.COOH + CH3.CO.CPI2.COOH + C2H5OH 

In a similar manner, by using a-monochloracetone, 
the y-diketone, acetonyl acetone, is obtained after 
hydrolysis^® : 


12 


SYNTHETIC USE OE METALS 


CH3.CO.CHNa,COOC3H5 + CICH2.OO.CH3 = 
CH3.CO.CH.COOC3H5 + NaCl 

OHa.COCHa 

Heating with water at 160° is sufficient to hydro- 
lyse the substitution compound and eliminate carbon 
dioxide : 

CH3.OO.CH.COOC.2H5 CHa.CO.CH.COOH 

i I “» 

CH2.CO.CH3 CH3.CO.CH3 

CH 3 .CO.CH.,.CIX 2 .CO.Cir 3 + CO 3 

Acetonyl acetone affords a means of passing to 

f urf urane^ thiophene; and pyrrol derivatives. Heated 

with dehydrating agents such as zinc chloride or 

phosphorus pentoxido; it yields dimethyl furfuranC; 

a change which is sometimes explained by the 

following steps: 

/CH3 

CH.,.CO.Cn3 = ^Xati fa 

I OH I 

CH2.CO.CH3 . c/ OH : C/.CH;, 

\CH;, 


Heated with phosphorus pentasulpliide it yields 
the corresponding thiophene compound; while tlio 
action of alcoholic ammonia solution forms a pyrrol 
compound : 



/H3 

CH : C< 

1 

'.OH 

1 

^OH 

CH:C< 

''-CHj 


CH 

+ II2S = I 


Cv .CHa 

yS + 2 IT .)0 
CH : C / .CH3 
dimothyl-tliiophene 


yOBi, 
CH ; C< 

I \OH 

I /OH 

CH:C< 

^CHa 


Nil. 


CH : Cv .OH3 
I >NH + 2 H.> 0 . 
CHrC/.CHa 
dimotliyl-pyrrol 
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The behaviour of sodium ethyl aceto-acetate to- 
wards chloracetic ester and chloroformic ester respec- 
tively; indicates that the compound exhibits dynamic 
isomerism because in the first reaction it behaves 
as though sodium were directly united to carbon; and 
in the second reaction as though the sodium were 
united to oxygen : 

CHa.CO.CHNa.COOaHs + ClCHo.COOCgHs ^rCHa.CO.CH.COOC^Ha 

c!h 2 .COOOjH 5 
Aceto-succinic ester 
/ OCOOC2H5 

CHa.CONa : CH.COOC.H5 + ClCOOC^Hs = CHs.C C 

^CRCOOCsHfi 
/O-carbethoxy-orotonio ester 

From acetyl-acetone a series of j3- or 1 : 3-di- 
ketones can be obtained by treating the mono-sodium 
compound with alkyl iodides : 

CHn.CO.CHNa.CO.CH3 + CoH,I = 
CH3.CO.CH(CoH 5).CO.CH3 + Nal 

Treatment of the sodium derivative with iodine 
gives tetra-acetyl ethane : 

CH.i.CO.CHNa.CO.CH., CHn.CO.CH.CO.CH3 

’ + I. = ■ I + 2NaI 

CHn.CO.CHNa.CO.CHn CHn.CO.CH.CO.CHu ^ 

Aceto-acetic ester is technically valuable in the 
preparation of antipyrine. The ester is first allowed 
to react with phenyl-hydrazine; and the ring com- 
pound formed is then convei’ted into antipyrin by 
methyl iodide and sodium : 

CHn.CO.CHa.COOCsHs + C«Hr,NH.]SrH2 

= CHn.C.CHa.COOCalls 

+ HjO.’ 
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The hydrazone then loses O^H^OH and forms 
l-phenyh3-raethyl pyrazolon : 

CH3.C : CH.CO 

which then passes to 1:2: 3-phenyl dimethyl-pyi'a- 
zolon. 

From benzyl cyanide and deoxybenzoin alkyl 
derivatives can be formed by the action of sodium 
and alkyl halides : 

CflH 5 .CH 2 .CN -» CflH 5 .CHR.CN 
CflHfl.CHa.COCflHs CflHs.CHR.COCcHs 

The preparation of dimethyl succinic ester will 
illustrate the use of cyanacetic ester. 

The sodium compound is condensed with o-brom- 
propionic ester to form cyano-methyl succinic ester : 
CN CHa CN CH3 


I 

CHNa + Br 


L-.eSa: 


= CH- 




+ NaBr 


COOC2H5 COOC2H5 COOoHfi COOC2H5 

This substance is then treated with NaOEt and 
OH 3 I and the product hydrolysed with loss of carbon 
dioxide : 


CN 

CH;, 

1 

CN 

cn„ 

1 

j 

CNa 

CH + CHhI - 

1 

1 

C.CH»— 

1 

1 

-CH 

1 

COOCaHg 

COOC2H5 

COOC2B 

I 

coocA 

Hydrolysis 

COOH CH3 

-CO2 

CHa ( 


i.CHa CH 


(Ijh — c 


+ Nal 


it 


fiOOCjHs COOCsHs ioOCaHs ioOCaHj 

, The synthesis of S-keto-hexahydrobenzoic acid 
further illustrates the use of cyanacetic ester,^^ 


f 
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Tlie di-sodium derivative is condensed with /3-iodo- 
propionic ester to form y-cyanopentane-a-yg-tricar- 
boxylic ester : 

C2H,OOC.C(ClS[)Na2 + 2CH2I.CH2.COOC2H5 

/CH2.CH2.COOC2H5 

= CaHsOOC.OCCN) + 21SraI 

\cH2.CH2.COOC2H5 

Hydrolysis of this cyano-ester gives pentane-aye- 
tricarhoxylic acid^ which on digestion with acetic 
anhydride and subsequent distillation yields 8-keto- 
hexahydro-benzoic acid : 

>CH2.CH2.C00H ^CHg.CHa 

HOOC.dH =HOOC.CH NcO + COs + HjO. 

^CHj.CHo.COOH 

• Further examples of the synthesis of cyclic com- 
• • pounds are : 

The formation of butane tetra-carboxylic ester 
from ethylene dibromide and mono-sodium-malonic 
ester : 

CHaBr CH(]Sra) (COOC2H5)2 CHa-CHCCOOCsHOa 

I + I - I + 2 NaBr 

CHaBr CH(Na) (COOC 2 H 5)2 CH 2 .CH(C 00 C 2 H 5)2 

When the sodium derivative of butane tetra- 
carboxylic ester is acted upon by bromine^ the result- 
ing product is tetramethylene-l : 2-tetracarboxylic 
ester : 

CHa.CNaCCOOCsHsla CH2.C(COOC2H5)2 

I + Br2 =11 + SKaBr. 

CI-l2.CN'a(COOC2H5)2 CH2.C(COOC2H5)2 

The use of trimethylene bromide with sodium 
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malonic ester will make the following reactions 
possible : 

. CH2.CH(C00C2H5)2 y CH2.C(COOa2H5)2 

ch/ -^cs., I 

\ CH2.CH(COOC,Hr.)j \ CHj.C (COOC^Hj)^ 

Pentanietliylene-tetracarLoxylic ester 

Using methylene iodide instead of bromine, a 
cyclohexane-tetracarboxylic ester results : 

.CH2.CNa(COOC2H5)2 
CE^ + CH2I2 - 

\ CH2.CIira(COOCjH6)s 
.CH^.CCCOOCjHj)^ 

CK; ScSi + 2NaI 

^CHj.cfcOOCjH,)^ 

Succino-succinic ester is formed by the condensa- 
tion of succinic ester in the presence of sodinni r 

C2H5OOC.CH2.CH..COOC2H5 I ^ 

C2HsOOC.CH2,CH;.COOC2Hr, ^ 

/CHov 

C2H5OOC.CH/ ” Nco + 2a^ii,oii 

OC CI-I.COOC2H5 

and this on oxidation is converted into 2 : S-dihydi'oxy- 
terephthalio ester : 

C-COOCaHji 

HC C.OH 
II I 

HO.C CH 

C-COOC2H5 

Succino-succinic ester can also be prepared by the 
action of sodium upon a-bromaceto-acetic ester. 
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CHs.CO.CHBr.COOCaHs 

+ 

CsHsOOC.CHBr.CO.CHa 


CO 

/ \ 

HaC OH.COOC2H5 


C2H5OOC.HC CHs 


Wlien hydrolysed with sodiam hydroxide the ester 
passes to the corresponding acid^ and this is decom- 
posed when heated to 200° into jj:)-diketohexaniethy- 
lene and carhon dioxide : 


HoC 


CO 

-/ V 


CH.COOH 


tIOOO.HC 


\ 


^CHa 


CO 


CO 

I I 

H-G CH, 

\ / 

CO 


+ COj 


The latter substance was used by Baeyer in 
^ preparing dihydro-, tetrahydro-, and hexabydro- 
^ benzene.^^ 

Succino-succinio ester was also used by Baeyer 
for synthesising the terpene hydrocarbon p-men- 
thadiene.2^ 

Succino-succinic ester, like phloroglucin, exhibits 
dynamic isomerism (tautomerism), behaving under 
some conditions as a keto-body, and under other 
conditions as a hydroxylic, or phenolic body having 
this structure : 


C.OH 

HaC C.COOCaMg 


CaHbOOC.O OHa 
C.OH 


A fnrt.her example oi: ester and ketone condensa- 
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tion is afforded by tbe synthesis of acetyl-pyroracemic 
ester^ from acetone and oxalic ester : 

COOC2H5 

CH3.CO.CH3 + I - CH3.CO.CH2.CO.COOC2H5 + C3H5OH 

COOCaHg 


By using mesityl oxide and oxalic ester the con- 
densation product is mesityl-oxide-oxalic ester : 

CH3V COOC3H5 

>C : CH.CO.CH3 + I 
CH3/ COOC2H5 

CHg 

t : CH.CO.CHJ.CO.COOC2H6 + C2H5OH 

I 

CH3 


A case of internal condensation similar to that of 
succinic ester^ is the formation of keto-pentamethy- 
lene carboxylic ester from 1 : 4-butane dicarboxylic 
ester : ^ 

CH3-CH2COOC2H5 CHa-CHCOOCaHg 
I - ] ^CO + C2H5OH 

CHa- CH3COOC3H5 CHa- CH3 

Sometimes condensation products are formed by 
the elimination of water. Tor example : 

CgHs-CHO + CHa-COOCsHfi = CeH^.CH : CH.COOC2H5 + HgO 
Beuzaldehyde Acetic ester Cinnamic ester 

/CIT 

CsHs-CHO + OHj =C8 HsCH:C/ 

^COOCjHs \COOCjH5 

Cyanacetio ester Benzylideue oyanaoetio ester 

Sodium has been widely used in the synthesis of 
Yarious organo-metals and organo-metalloids^ by 
causing the halides of the elements to react with 
organic halogen compounds. The following are ex- 
amples of this type of reaction 
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S11CI4 + 4C6H5Br + 8Na = Sn(C6H5)4 + 4 N'aBr + 4 NaCl 
SiCl4 + 4CeH5Br + SNa =» Si(CoH5)4 + 4 NaBr + 4 N'a 01 . 

Sometimes the sodium alloy of the metal is utilised^ 
as in the preparation of tin^ lead, and mercui'y com- 
pounds, by means of tin-sodium, lead-sodium, and 
sodium amalgam respectively 

Pb + 4 ]Sra + 4CaH7l = Pb(C3H7)4 + 4 NaI 
Sn + 4 ]Sra + 4CgE[5Br = Sii^C5B[5)4 + 4 ]NraBr 

It is advisable to accelerate these reactions by 
means of a small quantity of acetic ester. 

Sodium Ethylate. 

The value of this sodium derivative was first 
extensively illustrated by Claisen.^^ 

It may be used for condensing esters and ketones, 
m and esters by themselves as well as with aldehydes, 
in much the same manner as sodium itself. 

Benzoic ester and acetone yield benzoyl-acetone. 
CflHg.COOCaHs + CH3.CO.CH3 = CgHfi.CO.CHa.CO.CHg + C2H5OH 

Succinic ester and acetone yield teraconic ester. 

CHaX CH3.COOC2H5 (CH3)2C : C.COOC2H5 

^ 00 + I == I +H2O 

CHy^ CH2.COOC2H5 CH2.COOC2H8 

Benzoic ester with acetic ester yields benzoyl-acetic 
ester, while with acetophenone it gives dibenzoyl- 
methane : 

C6H5.COOC2H5 + CH3.COOC2H3 = C6H6.CO.CH2.COOC2H6H-C2H50H 
C6H5.COOC2H5 + CH3.CO.C6H3 = CgHg.CO.CHs.CO.OoHs + CsHsOH. 

By condensing formic ester with other monocar- 
boxylic esters, aldehyde esters result, while by using 
oxalic ester, ketonic dibasic esters are formed : 
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HCOOCaHg + CH3.COOC2H5 - HCO.CH.3.COOC2H5 + C2H6OH 

Formyl acetic ester. 

COOCJI 5 CH 3 COOC.H 5 CO.CH 3 .COOC 2 H 5 

I ^ ^ “ I +2C2H3OH 

OOOC 3 H 5 CH 3 GOOC 2 II 5 CO.CH 2 .COOC 2 II 5 

Diacetyl clicarboxylic ester. 

Formyl acetone may be prepared by using formic 
ester and acetone : 

HCOOajIs + CH 3 .CO.CH 3 - HCO.CII 3 .CO.CH 3 + CaHaOH 

This substance can be further condensed by acetic 
acid to triacetyl-benzeno : 

CH 

yCHO /\ 

OH 3 CO.CIV CH 2 .CO.CH 3 CH 3 CO.C C.COCH 3 

I II I + 3H2O 

CHO CHO HC CH 

\ 

CPI..CO.CH 3 C 


Similarly acetophenone and formic ester yield 
formyl-acetophenone, which may bo condensed 
furtlier to tribenzoyl benzene. 

Eing condensations with oxalic ester are : Diketo- 
cyclopentane dicarboxylic ester from oxalic and 


glutario esters 


COOC2II5 CH2--COOC.3H5 

CO-CH-COOCsHj 

V 

\ 

+ CHa 

CII2 


/ 

COOC2H5 ona-COOCalls 

CO-CH-COOCaHi 


+ 2O2H5OH. 


By using j 3 j 3 -dimethyl glutario ester, Kommpa 
obtained diketo-apocamphoric ester which was used 
for the synthesis of camphoric acid 
COOC2H5 CH2.COOC.3H5 CO— CH.COOC2II6 

^(CIIa)2 = '^(OHa)^ + aCjH.OH 

COOCjHs CH..COOC2HS CO— dH.COOOjHj 
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A methyl group was introduced into the latter 
compound by the aid of sodium and methyl iodide, 
and the resultant compound reduced and then 
hydrolysed to dihydroxy-camphoric acid : 


CH 3 

CO—C— cooaHr, 
(i(CH,)2 

CO— CH— COOO.H5 


CH;, 

CHOH— c-cooir 
i(CH3)j 

CHOH— in— COOH 


On boiling the last product with phosphorus and 
hydrogen iodide, the result was dehydrocamphoric 
acid, which was then combined with hydrogen brom- 
ide to form j3“brom-camphoric acid. The last named 
substance wa>s reduced by zinc dust and acetic acid 
to racemic camphoric acid: 


CH;, 

CH— i— COOH 

i(ca,)s 

CH— (!h— COOH 


CH, 

I 

CHa — C-COOH 
(!:(CH3)2 

CHBr— I:H— COOH 


CHa 

I 

CH.— 0— COOH 

I^CCH,)., 

CH,— CH— COOH 


Sometimes the oxalic ester only undergoes half- 
condensation as in the formation of oxalyl acetic 
ester: 


COOC2H5 


C0.CII,.C00a2Hr> 


I + CH 3 .COOC 2 H 5 - I 

COOC 2 K 5 COOC 2 H 5 


+ C^IIsOII. 


By means of sodium ethylate or sodium, Claisen 
prepared hydroxymethylene camphor by condensing 
camphor with amyl formate 


22 


SYNTH KTJC USE OF METALS 


OMu 


/ 

\ 


OIL + HCOOCaHu 


Callu 


CO 


\ 


C.-CHOH 


+ CrJInOH. 


CO 


This substance is strongly acid, forming salts and 
esters, in wliicli the hydroxyl hydrogen is replaced by 
metals and by organic radicles respectively. The 
reaction led to the discovery of many other hydroxy- 
methylene bodies possessing similar properties. 

Olaisen also obtained nitroso-ketones by the nse 
of amyl nitrite in the pi’esence of sodium ethylate : 

CfiHs.CO.CHa + CJIn-O.m = C0H5.CO.Cir : NOH + CoHnOH 


An example of this class of condensation with 
elimination of water is the formation of a-phenyl- 
cinnamic nitrile, from benY.aldehyde and benzyl 
nitrile : 


CoHo.CHO + 


C0H5 

I 

CH2.CN 


C0H5.CH : C.C0H5 
ON 


+ ILO. 


SODAMIDE AS A SYNTHETIC AGENT. 

This substance was utilised by Olaisen in 1905, for 
alkylating ketones and for preparing 1 : 3-diketones. 
Its action seems to bo quieter and more regular than 
that of sodium or sodium ethylate.®® 

One or two ethyl groups may be introduced into 
acetophenone by using ethyl iodide with sodamide : 

CcH5.CO.CH3 + C2H5I - CflHs.CO.CH2.C2H5 + HI 
CflHg.CO.CHa + 2C2H5I - C6H5.C0.CH(C2H5).2 + 2HI. 

By using benzyl chloride the benzyl group can be 
introduced : ^ 

CflH5.CO.CH3 + CflHs.CHgCl » CflHs.CO.CHs.CCHsCflHfi) + HCl. 
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1 ; 3-Diketones are prepared by condensing ketones 
with, esters. 

Acetyl acetone from acetic ester and acetone : 
CH3.COOC2H5 + CHa.CO.CH3 = CH8.CO.CH2.CO.CH3 + CaHaOH. 

Benzoyl acetone from acetic ester and aceto- 
phenone : 

CH3.COOC2H5 + CHa.CO.CflHs = CH3.CO.CH2.CO.OcH5 + C2H5OH. 

The powdered sodamide is added gradually to the 
mixed substances^ cooled in ice^ and after standing 
for some time^ the mixture is treated with ice-cold 
water and the product precipitated by acidifying 
with acetic acid. 

Hydroxymethylene ketones are formed by using 
formic ester : 

CH3.CO.CH3 + HCOOB = CH3.CO.CH : CHOH + BOH. 

Sodamide has been technically applied in at least 
two instances^, namely^ the production of cyanide by 
Oastner’s process and also the production of indigo. 

In the preparation of cyanide, the sodamide is 
mixed with carbon and the mixture subjected to a dull 
red heat, when the following reaction takes place : 

HaNHa + C = HaCH + H2 

Indigo can be synthesised according to the 
German Patent 158,089, by heating sodamide with 
the diethyl ester, or the diamido-derivative, of 
phenyl-glycocoll-carbonic acid, in benzene solution : 

.NH.CH2.COOH /NH 

CeHK CoHZ >CH2 + H2O + CO2. 

\C00H \CO / 

Indoxyl 

The indoxyl formed is converted into indigo by 
exposure to air. 
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Metallic sodium has recently received important 
application as a polymerising agent in the transfor- 
mation of isoprene into artificial ruhber.^^ 

The steps in this important synthesis^ starting 
from starchy are as follows : 

The starch is fermented to fusel oil and acetone^ 
and from the former liquid, isoamyl alcohol is 
separated. 

By treatment with hydrogen chloride, isoamyl 
alcohol is converted to the monochloride, and the 
vapour of this when acted upon by chlorine gas 
leads to the formation of three isoamyl dichloi-ides : 
(CH:02CH.CI-L.CH20H + HCl - (CILO.CH.CHo.CHnCl + H.O 
^ (CI'LOaCH.CHCLCHsCl + IIGl 
(CH;,)3CH.CH..CHjC 1 + CL^->(CHa) 2 CCl.CH».CHaCl + HCl 

CH„v 

>CH.CH.,.CH2C1 + I-ICl 
CHjCK 

These isoamyl dichlorides, when heated with lime, 
lose hydrogen chloride and pass to isoprene (methyl 
divinyl) : 

>C.CH : Clia 

ch/' 

Isoprene on standing for some time with metallic 
sodium becomes converted into synthetic ruhher. 

Sodium Hydroxide. 

This sodium derivative is generally utilised in 
aqueous solution for condensation work, the concen- 
tration often being 10 per cent. 

Schmidt^® was the first to use the reagent, in 10 
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per cent, aqueous solution^ for condensing together 
furfm’ol and acetaldehyde : 


CH : C< 



CHO 


+ CI-L.CHO 



,CH : CH.CHO 
>0 


+ IlaO 


Furfurol acrolein. 


Olaisen^ in the following year, used 10 per cent, 
aqueous sodium hydroxide to condense furfurol 
witli acetone and thus obtained mono-furfurylidene 
acetone 

ailip.CHO + CH3.CO.CH3 = C4H3O.CH : CH.CO.CH3 + HjO. 

Using benzaldehyde and acetone, he obtained 
mono- and di-benzylidene acetone. 

Further examples of condensation of this class are 
the formation of indigo from o-nitrobenzaldehyde 
and acetone, and the formation of quinoline from 
o-aminobenzaldehyde and acetaldehyde : 

/CHO /CHOH.CH..OO.CII3 

C,H4< + CH3,C0.CH3 - CoHZ 

\ho,> \NrO2 

o-ixitrophenyl-lactic acid ketone. 

This product is then decomposed by the excess of 
sodium hydroxide : 

/CHOH.CH2.CO.OH3 

2C«H,< 

\NOo 

.CO . .CO . 

CoHZ > C : C < > CflH4 + 2HnO + 2CH3COOH : 

\nh/ \]srH/ 


Baryta or ammonium hydroxide may also be used 
for this reaction.^^ 

Quinoline and quinoline derivatives are obtained 
by using o-amino-benzaldehyde 
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CH 

HC^'^.COH CH2.H 

I II +1 
HC C.WH. CHO 

CH 

o-amino-benzaldeliyde. 


CH OH 

^\/%s 

HC C OH 

- I II I + 2 HoO 

HC C CH 

\/V/ 

CH H 
quinoline. 


By substituting aceto-acetic ester for acetalde- 
hyde^ a quinoline derivative is obtained : 

CH CH CH 

/^ \ / N 

HC C.COH CH..COOCJr 5 HC C C.COOOJTr, 

I II + I ' === 1 11 1 “ 

HC C.NHo CO.CH, HC C C.CH 3 

\/ ‘ ^ 

CH CH N 

«-metliyl-quinoline-/3-oarboxylic ester. 


Fischer made use of 1 per cent, sodium hydroxide 
solution to polymerise a mixture of glyceric aldehyde ^ 
and hydroxy-acetone^ in the formation of a-acrose. 
After allowing the mixture to stand for four or five 
days the transformation was complete 

CH2OH CH2OH CH2OH CH2OH 

CHOH + io =. inOH CIO 

CHO (IlHaOH CHOH — AhOH 

(Glycerose). a-acrose (inactive fructose). 


if' 


By the same method^ gly collie aldehyde has been 
polymerised to erythrose : 

CH 2 OH CHO CHgOH CHO 

AhO ^ Ah, oh” CHOH - Ahoh 
C innamic aldehyde can be foi'med from benzal- 
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dehyde **'OQfcaldehyde, and tlie product can be 

again with acetaldehyde or acetone : 

■+ CHa.CHO = C0H5.CH : CH.CHO + HjO 

^oTIb-CH : CH.CHO + CH,.CHO = 

^•isI-Is.CH : CH.CH : CH.CHO + HjO 
Cinnamyl acrolein. 

: CH.CHO + CH3.CO.CH3 =: 

^ : CH.CH : CH.CO.CH3 + Ilfi 

Oiixnamyl- vinyl-methyl ketone. 


If ^*^^3ecular quantities of cinnamic aldehyde 

be usG(b th.e last case di-cinnamyl- vinyl ketone 

results. 

Anotl^^^^* ccise of quinoline formation is the con- 
densati^>'^‘^ loenzoyl acetone and aniline^ resulting in 
y-phetiy : 


HG 


Oil 

/v 


IHI 


CO.CfiHs 


HO <-Nir^ 


OH« 




CO.CH 


CH C.CgH, 


HC 


H< 


CH 


CH H 


C.CH 


+ 2i'r20 


It -wtui hKowh by V. Meyer^ that solid sodium 
hydroxi<l<^ Jb better than sodium ethylate for con- 
densing' bc‘n:?3yl nitrile with methyl iodide 

CgH^.CM^jC^N Hh CKal + NaOH = CsHb.CHCN’ + Hal + Hp. 

(in. 


Quinoium can be prepared by condensing 1 : 2- 
diketoncis by nqneous sodium hydroxide.^^ 

In tli«i 11 mb place an unsaturated 1:2: 5-triketon© 
is fomuid wliich by further condensation passes to a 
quinont% * Diacetyl gives first dimethyl-quinogen and 
then |j-jcyloq[uinon© : 
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CH3.CO.CO.CH, CH3.C.CO.CH3 

11 

„ CH3.CO.CO.CH3 CH.CO.CO.CIT3 


CO 
II II 

Hc c.cir., 

V 


Acetyl-propionyl condenses in thiKS way^ forming 
duroquinone : 


CH3.CO.CO.CH3.CH3 

CH3.CH2.CO.CO.CH3 


CO 

/\ 

CH3.C 0.CH3 


CH3.C C.CH, 


+ 2 TI> 0 . 


The reaction may be expi'essed in a general way 
thus : 


X. CHs.CO.CO.Y 

Y. CO.CO.CH2.X 


X. C.CO.CO.Y 

11 -> 

Y, C.C 0 .CH 2 .X 


CO 

X(5^\y 

II II 
TC CX 




A further example of condensation by sodium 
hydroxide is afforded by ionone^ used as a substitute 
for essence of violets, which is formed from oitral 
and acetone.^'^ 

Pseudo-ionone is the first product, and this is then 
converted to a mixture of a- and j3-ionone by boiling 
with dilute sulphuric acid : 

(GH3)2C:CH.CH2.CH2.C(CH3):CH.0H0 + OH3.CO.CH3 « 

(CHsjaC : CH.CHa.CHa.C^CHg) : CH.CH : CH.CO.CH3 + H^O. 

The next stage is explained by the following 
scheme : 



CH, CHa 

/ 

HC CH.CH:CH.C0.CH3 

i II 

H-C C.CH, 
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CHg CH3 

'VoH 

+ 2H3O / 


HjC CHj.CH : CH.CO.CH, 


CHj CH3 

Y 

HsC^ C!H.CH:CH.C0.CH3 

Hjls i.CHj 

\Y 

CH 


CH3 CEs 
\/ 
c 

2.CH : CH.CO.CHj 

I II 

HjC C.CHs 

'^2 

/ 3 -ioiione. 


Potassium Compounds. 

Potassium itself is rarely used in syntlietic work^ 
but tlie cyanide^ acid sulpkate^ and hydroxide are 
often made use of. 

A commercial process in which potassium may be 
regarded as a synthetic agent is Beilby^s process for 
preparing cyanide^ by heating a mixture of potas- 
sium carbonate and carbon in ammonia. 

Potassamide is probably an intermediate compound, 
and the method corresponds to Castiier^s cyanide 
process : 

. ^ ^ + 2NH3 + 20 = 2KNPI2 + . 

= 2 KCN UTf ' 


/a 


UlBR AHy 
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While the action of carbon monoxide upon heated 
potassium results in the formation of the carbonyl^ 
moist carbon dioxide reacts with the metal to form 
carbonate and formate : 

6K + 6CO = K6(CO)o 
2K + H2O + 2CO2 - KHCO3 + H.COOK 
+ H3O + 3CO2 = K3CO3 + 2H.COOK 

Potassium Cyanide is especially useful for con- 
densing aromatic aldehydes (benzoin condensation) 

Benzoin is formed from benzaldehyde : 

2C6H5.CHO =: C6H5.CHOH.CO.C0H5 

Acetophenone condenses with benzoin in the 
presence of alcoholic cyanide^ giving desylaceto- 
phenone : 

CfiHs.CHOH CeHs.CHCH^.CO.CgHs 

I + OH3.CO.C5H6 = . I + H3O. 


OO.OoHs 


CO.CgHfi 


Mandelo-nitrile and benzyl cyanide condense in 
the presence of aqueous potassium cyanide^ giving 
di-phenyl-succinic nitrile : 

O5H5.CHOH CH3.C6H5 CgHs.CH-CH.CgHs 

I + I - II +H2O 

ON CN CN CN 

It has been suggested that cyanhydrin formation 
is an intermediate stage in this class of condensation, 
and benzoin formation is represented by the following 
scheme 

OgHfi.CHO + KON -> ObHb.CHOK 

(tlN 

CfiHg.CHOK 4 CgHfi-CHO CflHg.COK— CHOH.C5H5 

CN ON 

KCN is then eliminated — 

CeHfi.CO.CHOH.CflHs + KCN. 
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Acid Potassium Sulphate may be used for the 
following condensations. 

The lenco-base of malachite green from benzal- 
dehyde and dimethyl-aniline : 


C 6 H 5 .I^(CH 3)3 /CcH 4 .N(CH 3)2 

CgHs-CHO + - CeHs.CHf + H2O 

C 6 Hs.N(CH 3)3 \C 6 H 4 .N(CH 3)2 

The resultant tetra-methyl-diamino-triphenyl meth- 
ane is then oxidised to the carbinol^ which is converted 
to malachite green by hydrogen chloride : 

/C 6 H 4 .N(CH 3)2 /C 6 H 4 .N(CH 3)2 

CfiHfi.ccoH); +HC1-C6H5.C; +H2O 

\C6H4.Nr(CH3)3 \CeH4:H(CH3)2Cl 


Aromatic aldehydes condense with phenols^ e. g. 
benzaldehyde and naphthol give hydroxy- dinaphthyl- 
phenyl methane : 

CcHs.CHO + 2CJ0H7.OH = C6H5.CH(CioH60H)2 + HaO. 


Pyruvic acid is formed by the removal of the 
elements of water from either tartaric or glyceric 
acids : 


CHOH.COOH 

CPIOH.COOH 

CH3OH 

CHOH 

COOH 


= CH3.CO.COOH + CO2 + H2O 


- CH3.CO.COOH + H2O. 


By a similar elimination of water^ glycerin yields 
acrolein and terpineol passes to dipentene : 

CH20H.CH0H.CHa0H - CH 2 : CH.CHO + 2 H 2 O 

OH 

^CH-CH2\ I/CH3 
CH 3 .Cr :CH.cf 

\CH2— CHa/ XcHh 
^CH-CHa \ yCHa 

:cH.c:'^ 


CH3.0 




\CHa— CHj/ XCHg 
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Potassium Hydroxide can often be used for the 
same syntheses as sodium hydroxide, as for example, 
in condensing diketoiies with mono-ketones : Phen- 
antliraquinone condenses with either acetoacetic ester 
or acetone 

C6H4.CO GO.CH3 C0H4.CO 

I I + I =11 /COCH 3 + H 2 O 

C6H4,oo CH2.COOC2H5 C6i-r4.c< 

\cooC2H5 

Plienanthroxylene acetoacetic eater. 

C6H4.CO CH3.CO.CH3 C6H4.C(0H).CH2.00.CH3 

11 + =11 

CeH^-CO CH3.CO.CH3 C6H4 .C(OH).CHs.CO.CH3 

Diacetone-phenanthraquinone. 

Potassium hydroxide, when heated in aqueous 
solution with aromatic aldehydes, converts these in 
part to acids and in part to alcohols : 

2C6H5.CHO + KOH = CcHfi.COOK + CgHg.CHaOH 

Certain aliphatic aldehydes undergo a similar 
change. Isobutyric aldehyde, for example, is con- 
verted to isobutyric acid and di-isopropyl glycol ; 
3(CH3)2CH.CH0 + KOH = (CHaljCH.COOK + (CH3)2CH.CHOH 

tCH3)2CH.CHOH 

This is a method for obtaining di-secondary glycols 
from certain aldehydes by means of alcoholic potas- 
sium hydroxide solution.*^^ 

Potassium nitrate may be used for the preparation 
of acid anhydrides from acid chlorides, by distilling 
the latter after mixing with the alkaline nitrate.*^^ 
Potassium and sodium disulphate bring about con- 
densation with elimination of water. The following 
examples illustrate the use of this method : ^ 

Triphenyl benzene from acetophenone, benzal 
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aniline from benzaldehyde and aniline^ benzal malonic 
acid from benzaldehyde and malonic acid, benzal 
acetophenone from benzaldehyde and acetophenone. 
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CHAPTER II 


COPPER AND SILVER 

Both these metals bring about condensation by 
the removal of halogens, for which they have con- 
siderable affinity, and so function in this respect as 
sodium, but the reactions are not so vigorous. 

The formation of butane from ethyl bromide and 
of ethylene from methylene iodide are examples of 
this condensation : 

2C3H5Br + Cu « CuBrg + C2H5.C2H5 
2CHA + = 2CU2I3 + C2H4 

Copper or silver can be used to condense j8-iodo- 
propionic acid to adipic acid, and also for condensing 
a-brom-propionic ester to dimethyl succinic ester 

CH..CH3.COOH 

2 CH 2 l.CH 3 ,COOH + 2 Ag = | + 2AgI 

CH2.CH2.COOH 

CHa.CH.COOR 

2CH3.CHBr.COOR + 2 Ag == I + 2AgBr. 

CHa.CH.COOR 

Other examples in which finely divided silver is 
used, are, the preparation of suberic ester from 
y-brom-butyric ester, and di-isopropyl succinic ester 
from a-brom-isovaleric ester 
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CH2.CH2.CH2.COOE 

2 CH 2 Br.CH 2 .CIE.OOOE + 2Ag = ! + 2AgBr. 

CH2.CH2.CH3.COOE 

{CH.,) 20 H.CH.COOE 

2(CH3)2CH.CHBr.C00E + 2Ag - | + 2AgBr. 

(CH3)2CH.CH.C00E 

Copper has been used to facilitate the removal of 
hydrogen chloride and potassium chloride in the 
following condensations.^ 

Anthranilic acid from o-chlorhenzoic acid and 
ammonia : 

yCl yNHa 

CgH/ + NH3 - CfillZ + HCl, 

\COOH \COOH 


phenyl anthranilic acid is obtained if aniline be used 
in place of ammonia : 

yCl yNH.CcHs 

CaHZ + O6H5.NH2 = C6H4< + HCl. 

\COOH \COOH 


Further examples of the same class are : 

yCl /OCells 

CgHZ + CgHsOH = CgHZ + HCl 

\COOH \COOH 

o-ohlor-benzoic acid plienol phenyl-salicylic acid. 

/Cl ySOa-CoHs 

+ CeHs.SOaK - CgHZ + KCl 

^cooK \cooe: 

o-chlor-benzoic potassium phenyl-sulphi-benzoio 
acid phenyl sulphinate acid. 

CH 


C„H. 


< 


HC C.Cl HOf^' 

I 'll + 

CH3O.C C.COOH 

'V' 

CH 

l-chlor- 4 -methoxy- 
benzoic acid 






CH3O! 


amOK + QHsBr 


x/\ 

COOH 
methoxy-phenyl- 
salicylio acid. 

CGHg.O.CfiHa + KBr 
Biphenyl ether. 
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Copper is sometimes used to effect concienBatioii by 
combining with sulphur. The two following syn- 
theses of methane illustrate this reaction : 

CS2 + 2H2S + 8Cu - OH4 + 4CU2S 

CS.2 + 2H2O + 6Cu - CH4 + 2CU2S + 2CuO. 

Oarbazole is formed when thio-diphonyl amine is 
mixed with copper powder and the mixture distilled 
in carbon dioxide : 

.C0H4V CflH^v 

S< >NH + Cu = I >NH + CuS. 

In a similar way / 3 -dinaphthyl carbazole is formed 
from thio-/3-dinaphthylamine 

CioHZ >CioHo + Cu== \ / + CuS. 

NH 

^ The action of potassium ferricyanide upon copper 
^ ^ acetylene deinvatives is interesting. Diacotyleno- 
dicarboxylic acid is obtained from tho copper deriva- 
tive of propiolic acid by treatment with ferricyanide 
yC I C.COOH C : C.COOH 

Cu<; I 

\c; C.COOH Ci C.COOH 

If the acid sodium salt of this bo digested with 
water, carbon dioxide is liberated and the sodium 
salt of diacetylene-monocarboxylic acid is formed : 
c: C.COOH C:CH 

I =1 + COo, 

OiC.COONa CiC.COONa 

The copper derivative of this compound can also 
be condensed in the presence of feiTicyanido, and 
tetr-acetylene-dicarboxylic acid results : 

yC : c.G : C.COOH c : c.c : c.cooh 

Ouv I 

^c : c.c : C.COOH c : o.c : (^ooci i 
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In using tins nietliod, the copper derivative (1 mol.) 
is added to a solution of potassium ferricyanide (1 mol.) 
containing potassium hydroxide (1 mol.)j and tho 
mixture is allowed to stand some hours.^ 

By the same process it is possible to prepare 
diphenyl-diacetylene from the copper derivative of 
phenyl-acetylene : 

CgHs-C :* C.Cu.C i C.CtjH-, ^ i C\C : C.CJTv 


Diplienyl-diacetylene is the parent hydrocax:*bon 
of indigo blue^ and the dye itself can be prepared by 
means of this reaction^ starting with o-nitro-phenyl- 
propiolic acid. By loss of carbon dioxide the acid 
becomes o-nitro-phenyl-acetylene; the copper deriva- 
tive of which passes to di-ortho-nitrophenyl-diacety- 
leiie : 




C I C.COOH 


< 


/C : CH 

CgHZ -> 




yO i C.Cu.C : Cv 

>CGn, 

\-Nro. Tsro,/ 


yC \ C.C : Cv 


The last substance is changed to the isomeric 
di-isatogen by alkalis and this becomes indigo wlieii 
reduced : 



The use of copper salts and of copper itself for 
the replacement of the diazo-group of aromatic 
compounds^ by chlorine^ bromine^ cyanogen, etc., is 
important. 

Halogen substitution products of benzene were 
first prepared by. the aid of copper salts in 1884, 
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when Sandmeyer discovered the reaction which is 
still named after him 

CfiHg.NrN.Cl CgHsCl + N2. 

G-attermann/ in 1890^ showed that the same reac- 
tion could be carried out^ using copper powder 
instead of the salts of that metal^ and the method 
was applied in substituting by^ -01, -Br, -ON, -NO^ 
and -ONS groups. 

The yields by this method were superior to those 
obtained by the Sandmeyer method, probably because 
the copper powder was added to the diazonium 
solution in the cold, whereas Sandmeyer recom- 
mended adding the diazonium solution to a hot 
solution of the copper salt. 

Later, Erdman, also Armstrong and Wynne (1892— 
93) used cold solutions of the copper salts and found 
the yields by Sandmeyer’s method very much 
improved.^ 

Erdman also showed that there was a definite 
optimum temperature at which, by Sandmeyer^s 
method, the maximum yield of halogen compound 
was formed, the optimum temperature referring to 
the temperature of the copper salt solution when 
the diazonium salt was added. 

Heller (1910) states that by increasing sufficiently 
the amount of hydrochloric acid used, quantitative 
yields of chlor-compounds are possible by Sand- 
meyer^s method.^® 

Sometimes condensation takes place in the presence 
of cuprous chloride, simultaneously with halogenation 
by Sandmoyei‘\s method. When, for example, o- 
nitraniliuo is diazotised and treated with cuprous 
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cMoride a considerable quantity of Dinitro- diphenyl 
results as well as o-clilor-nitro-benzene.^^ 

Heated metallic copper acts as a catalyst in the 
oxidation of primary alcohols to aldehydes by air or 
oxygen, but ifc has also been shown by Sabatier, that 
modei'ately heated copper in a finely divided state 
effects the dehydrogenation of primary and secondary 
alcohols, yielding aldehydes and ketones respectively. 

Powdered silver was found by Gomberg to yield 
results when sodium failed, in preparing the peculiar 
and interesting substance called by him triphenyl- 
methyl. Both triphenyl brom-methane and triphenyl 
chlor-methane were used to effect the following 
change : 

2(CeH5),C.Br + 2Ag = (CA),C.C{Cfi,y, + 2AgBr. 

The hexaphenyl ethane obtained was far more re- 
active than was to be expected, and on account of 
its properties Gomberg named it triphenyl methyl. 
Since then much work and discussion have centred 
around this substance, which is now generally re- 
garded as being hexaphenyl-ethane. 

Various constitutional formulas have been sug- 
gested and the molecular structure of the hydro- 
carbon is still in dispute, but opinion appears to give 
preference to a formula which ascribes a quinonoid 
structure to one or two of the phenyl rings.^^ 

Silver cyanide seems capable of acting in the 
same way as molecular silver. For example, it 
brings about the condensation of iodo-acetoacetic 
ester forming diaceto-succinic ester 

CHa.OO.CHI.COOCsHg CHs.CO.CH.COOOsH,, 

I 

CH3.CO.OHI.COOC2H6 CH8.CO.CH,COOC2He 
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Silver liydroxide is used in exhaustive methylation, 
a process often utilised in order to obtain an un- 
saturated cyclic hydrocai'bon from an amine by 
treating it with, methyl iodide and silver hydroxide ; 
the trimethyl-ammonium hydroxide obtained is then 
decomposed by distillation. 

Oyclo-bntylamine^ for example^ is converted to 
cyclo-butyl-ammonium hydroxide,, and this on distill- 
ing is decomposed into cyclo-butylene^ trimethylamine 
and water 

yCH. CH. 

ch/ ;cpi.nh. ;ch.n(ch3)80h 

Nch/ 

Ck/ + N(CH3)3 + HoO. 

\CH/ 

• Silver oxide suspended in water receives limited 
application as a hydrolysing agent, and in alkaline 
solution it is used as aii oxidising agent, especially 
for converting aldehydes into acids. 
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CHAPTER III 


MAGFESIUM. CALCIIJM. EAEITJM 

The great value of magnesium as a synthetic I’e- 
agent was indicated in 1900^ when Grignard showed 
how various hydrocarbons and alcohols could be 
prepared from the compounds obtained by allowing 
the metal to react with alkyl halides in the presence 
of dry ether,^ In the previous year Barbier ha(C 
shown that by the interaction of methyl heptenone^ 
magnesium^ and methyl iodide in ether, and subse- 
quent decomposition of the resulting product by 
dilute acid, a tertiary alcohol was obtained, dimethyl 
heptenol 

(CH,)2C : CH.CH3.CK2.CO.CH;, (CH3)2C : OH.CH3CH3.C(OH)(CIT3)2 

The metal has to a great extent replaced zinc, 
which was used in 1849 by Frankland in the prepara- 
tion of paraffin hydrocarbons and the zinc alkyls, 
andsubsequently by Wagner for preparing secondary 
alcohol from aldehydes, by Saytzeff in preparing 
tertiary alcohols from ketones, and by Butlerow in 
the preparation of both ketones and tertiary alcohols 
from acid chlorides. 

The advantage of magnesium over zinc depends 
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upon the fact that the orgaiio-inaguesium compounds 
are not spontaneously inflammable; ifc is not essential 
that they should be isolated during syntheses^ while 
they are more readily prepared than the corresponding 
zinc compounds, and they are more reactive, and 
therefore capable of much wider application. 

In practice, the metal in the form of ribbon or 
boi'ings is added gradually to a solution of well dried 
alkyl or aryl halide in dry ether ; a brisk reaction 
usually takes place, owing to the formation of the 
magnesium compound of type E.Mg.X (X=Cl,Br,I). 

When all the magnesium has been added and a 
clear solution obtained, the organic compound to be 
used in the synthesis (ketone, ester, etc.) is added 
gradually, and the mixture cooled in ice to modify 
the reaction if necessary. 

When the vigorous reaction has subsided, it may 
be completed by heating on the water-bath for half 
an hour, or it may be allowed to stand over-night. 
The next stage is to add ice-cold dilute acid to tho 
reaction mixture gradually, to decompose the complex 
intermediate compound formed, and the end-product 
is then isolated by suitable means. If magnesium 
ribbon is used, it must be first well cleaned with 
emery-paper, while borings must be washed first 
with alcohol and then with ether to remove all oil, 
and then thoroughly dried. 

All the reagents used must be well dried, and the 
reaction should be conducted under a reflux condenser 
fitted with a top tube containing calcium chloride to 
pi'ovent access of moisture, and some soda-lime to 
keep out carbon dioxide. The ether used should be 
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purified by treatment witli powdered potassium per- 
manganate; followed by treatment with solid potasli 
to remove aldeliyde, alcoliol^ and most of the 
water. The ether is then allowed to stand over 
calcium chloride for two days^ and finally over sodium 
wire for about a week. Traces of moisture arc very 
harmful^ and the presence of moisture is indicated by 
a turbidity which appears when the magnesium is 
fii’st added. 

When the magnesium alkyl compound does not 
form readily; i. c. in using aryl halideS; a crystal of 
iodine is often added to start the reaction. Other 
solvents than ether have been used; i. c. anisole; phenyl 
amyl ether; and dimethyl-aniline. The solvent appa- 
rently combines with the compound MgEX forming 
intermediate products E^O.MgRX and R3N.MgRX; 
and acts as a catalyst; since it has been found that tlie 
reactions proceed in benzene or xylene provided a 
small amount of ether or diiiiethyl-aniline be added. 

The constitution of these compounds is represented; 
according’ to the suggestion of Baeyer and Villigei’;'^ 
by an oxonium formula v/itli the halogen directly 
attached to quadrivalent oxygen, a suggestion sup- 
ported by Blaise. The dimethyl-aniline compound is 
similarly represented : 

CH,— N 
CM'/ 

Although the formation of the compound MgRX 
is the normal course, there is a tendency for the 
ma.gnesiuin to form a hj^drocarbon by the removal of 
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Iialogon from two molecules of EX, wliicli is more 
marked as tlie molecular magnitude of R increases. 
When working with brom-benzene and benzyl chloride 
a considerable quantity of diphenyl and dibenzyl 
result, but this may be avoided by adopting Barbier^s 
original method of omitting the first stage (prepara- 
tion of MgEX) and mixing all the reagents at once. 
This fact was emphasized by Kipping recently, and the 
method has also been used with allyl bromide and 
iodide syntheses with success, although the allyl 
halides do not form a compound of the type MgEX 
in the presence of ether.^ 

The following syntheses were carried out by means 
of zinc, prior to 1900, and are now more conveniently 
accomplished by the aid of magnesium : 

Paeaffin Hyjdeocarbons. 

MgRo + 2H2O - 2 RI-I + Mg(OII)., 

RMgX + II2O = EH + MgX(OII) 

EMgX + ENH2 = E.E + MgXNH. 

MgE. + 2EaCX = 2E.iC + MgXa 


Secondary Alcohols from Aldehydes. 

^O.Mg.X ^ 

R.CHO + E'.Mg.X E.C— E' > >011011 + MgXCl. 

If formaldehyde be used, a primary alcohol results 
^O.Mg.X 

II.CHO + R.Mg.X ir.C— R > R.CII 2 OH + MgXCl. 

\ii 
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Teetiaky Alcohols feom Ketones. 

/OMgX ^ 

R.CO.R + RM\ig%X -> E.C— R > K2R'COH + MgXCL 

\e' 

Ketones and TEimAiiY Alcohols eeom Acid 
Chlorides. 

^OMgX 

R.GOCl + K/.Mg.X -> R.C— Cl -> R.CO.E' + Alg^XCl. 


With a second molecule of MoK'X the following 


change takes place : 

:-ci 

\e' 


^OMgX +J,IgE,/jr 

R.C— Cl > E.C.— K 


yOMgX 


\e' 


-» E'aiCOII + MgXCl. 


Tebtiaky Alcohols from Estbks. 

/OMgX^T., ,.„v yOMg> 
R.COOE' + K".Mg-.X ^ ^ E.cA" 


B.C— OR' 

\r" 


\ 


R" 


/OMgX 


E.C— R" 

\e" 


-> RR"2C0II + MgXCl. 


With formic ester a secondary alcohol is obtained; 

^OMgX .OMgX 

H.COOE + R'.Mg.X -> H.C-OE -> H.C— R' -> R'.,CHOH. 

\r' \r' 

A dicarboxylic ester like oxalic ester may have only 
one carboxyl group acted upon at a time : 
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COOR 

I 

COOK 


+ E' 3 I-,X -> 


.OMgX 

yOM{ 

0 

1 

Q 

G~Ii' 

1 \e’ 

|\e' 

CODE 

COOE 


R'aO.OII 

> I 

COOE 


Dialkyl glycollic 
ostor. 


Since 1900 various synfclieses liave been added^ of 
wliicli tlio following are typical examples ; 

Ticetiary Alcohols from Caoonyl OiiLorjDn. 

GOCla + 3R.Mg,X = E^COMg.X + 2MgXCl 
E^COMgX + IICl = ’e,C.OH + MgXCl. 

Aldehydes from Formic and Ortho^foemic Esters. 

:ci 

■> R'CilO + EOH + MgXCl. 


/OMffX ^ jjQi 


II.COOE + It'.Mg.X -> H.C— OE - 
* yOli /O® + H„0 

ii.c— OE jK n.c— OE :-> e'.ci-io + 2E011. 

\oE \e' 

Ketones teom OyanoqeNj Niteilbs, and Amides/’ 

^NMg-X + MgEX ..NMgX 

^ n V 


N ■; C.C i N + K.Mg.X -> N ; C.CX “ — E.C-/' 


Cyanogen E 

.XMgX + IIoO + IICl 


R.a 


\ 


11 


E.CO.R + mi;, + AlgXCl. 


^NMg-X + H^O -{- IICl 

R.CN + R^MgX -> E.C;f A — > 

Nitrile Mi' 


,0 


B..Cf + 2 E'MgX->E.C— E' 

\ N 1 1 X 

AmiSl;^ \miMgX 


E.CO.R/ + NIL, + MgXCl. 

^OMffX 


4 - li'H 
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.OMgX 

E C™E' "" E.CO.E' + NIL, + 2MgXCl. 

^NHMg'X 

Diazo-amino Compounds prom Azoimidns. 

E.X< II + E'MgX -> E.]Sr(MgX)N : N.E' 
E.X(MgX)N;M.E' + ILO->E.NILN:ME' + Mg(OII;X. 

Anilides from Aryl Oarbimides. 

/OMgX 

CJ-Ia-N : CO -> CfiHr>.N : C< Ct5H3.MH.COE. 

\E 

Hydroxylamine Derivatives from Aaiyl Nitrite. 

C5HU.O.NO + 2AIgEX = EaMOMgX + AlgOCsH^X 

EoNOMgX + HCl = E2MOH + MgXCl. 

Esters of tlxe type R.COOE are obtained by tlie 
action of MgRX upon esters of meta-cai*bonic acid : 

.OMgX ,^0 

CO(OEt)2 + EMgX (EtO}2C<^^ EtO.C<^ 

Tripbenyl methyl chloride in benzene solution re- 
acts with an ether solution of RMgCl thus 
(CeHalaC.Cl + EMgCl = (CaH5)aC.E + MgCI^ 

Hydrocarbons are formed by the action of methyl 
sulphate upon EMgX : 

(CHslaSO.! + EMgX - E.CHs + CIl3(M:gX)S04. 

Unsaturated hydrocarbons may be obtained from 
aromatic aldehydes via the carbinols^ which on distil- 
lation sometimes decompose^ as phenyl-benzyl-car- 
binol doeS; into stilbene and water 
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yOH 

C^Hg.CHO + C0H5.CH2.MgBr CfiHg.CH/ 

^CHaCeHfi 

CfiHfiCHrCHCoHs 

Sometimes the uiisaturated hydrocarbon is formed 
directly^ as with benzyl chloride and anisic aldehyde : 
/OCH3 

MgCgHaCHaCl + CoHZ CcHgCH : CH.CgH^.OCH.,. 

\CHO 

Benzyl alcohol may be obtained from benzyl 
chloride by the action of oxygen : 

CflHsCHj.MgCl + O G^llsCm^.OMgCl CeHsCHaOH + Mg(OH)Cl. 

Tertiary alcohols and ketones result from acid 
anhydrides : 

H.CO R.CO 

^0 ^ \o E.COOH + B.CO.E + Mg(OH)X. 

ll.C-OMgX 

\e 

Prom succinic anhydride a ditertiary glycol results : 

CH2.CO CH0.CE2OH 

I > -* I 

CH2.CO CH0.CE2OH 

Prom phthalic anhydride similaidy dimethyl-^ 
diethyl-^ and dipropyl-phthalide are obtained : 


E.CO 


>C0 


..CEs 


CoHj '^0 + 2EMgX -> an, '^OH 




•CE„ 


\do \cOOH \| 

Camphoric anhydride with benzyl chloride gives 
two isomeric campholides : 


y 


,00 


/C(CH20aH5)2 




CO 
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a-Diketoiies give ditertiary glycols^ as in tlie case 
of benzil to tetraplienyl glycol : 

CfiH5.CO CrtHaC(OH)E 

I I 

C6H5.CO C«Hi>C(OH)R 

If only one carbonyl group be attacked^ plienyl 
benzoin results : 

C0H5CO.CEOH.C0II5 

Acids are formed by the action of cai'bon dioxide 
upon E.Mg.X : 

yOMgX + HCl 

E.Mg.X + CO 2 ^E.CC > E.COOPI + MgXCl. 

Many organo-metallic compounds can be prepared 
by digesting an ethereal solution of the magnesium 
alkyl or aryl halide with the metallic halogen com- 
pound. 

The folio ^Ying compounds have been prepared in this 
way; 

Sii(C2H5)4, Sii(CoH 5)4, Pb(C«H5)4. PtCCH,).,, HgCOJIOs, 

and an optically active silicon compound in which 
four different radicles are present, Si( 03 lL) (OoH^) 
(OeH5)(OH,CeH5).9 

Pivalic (trimethylacetic) acid is formed from tertiary 
butyl chloride and magnesium (yield, 30 per cent.) ; 

+ + CO 2 >OMffCl 

(CH3)3C.01 > (CH3)3C.Mg.Cl > (CH3)3C.C< 

'^0 

.OH 

(CH3)3C.C^^ 

Tetramethyl-naethylene-glycol from succinic ester ; 
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ca.cooK 


.OMgX /OMgX 

nC—'D . rtH/r....T>xr rv x 


+ 2E.Mg.X 


\ 


CH2.COOR 


OE 
yOMgX 


+ 2MgEX CH2.C;~E 
^E 


I y 
CH2.C^1« 
OE ^E 

+ 2HC1 CH2.CE2.OH 

> I + 2MgXCl 

CH2.CE2.OH 

(A ditertiary glycol is also obtained from oxalic ester.) 


OMgX 


By the same reaction this can be obtained from 
acetonyl acetone : 


CH2.CO.CH3 

CH2.CO.CH3 


CHo-Cf-E 


^OMgX 


\ 


CH3 

OMgX 


CHa.C^E 
^OHs 


0H2.C(CH3)E.0H 

CH2.0(CH3)E.OH 


The ketonic group of a-ke tonic esters is attacked 
in preference to the carboxyl group. Prom pyruvic 
ester is obtained a -methyl lactic ester : 


yOMgX 

CH3.CO.COOE + MeMgX -> CH3.C^C00E 

\Me 

CH8.C(Me)(OH).COOE 


y-Ketonic esters, such as Isevulinic ester, behave 
in the same way : 


.OH 

CH3.CO.CH2.CH2.COOE CH3.C^CH2.CH2.C00E 


-Ketonic esters, such as acetoacetic ester, show a 
somewhat different behaviour. The ethyl and menthyl 
esters both react with MgEX as if possessed of an 
enolic structure, and the magnesium compound formed 
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is decomposed by dilute acid, giving tbe original 
acetoacetic ester 

CHa.CCOH) :CH.COOR + n'MgX = CH 3 .G(OMgX) : CH.COOE + U'B. 

CH 3 C(OMgX):CH.COOE + HCl = CHg.CO.CHs.COOE + MgXCl 

When, however, enolisation is retarded by an alkyl 
substituent in the methylene group, the reaction fol- 
lows the same course as a- and y-ketonic esters : 

CH 3 .CO.CHE.COOE -> CH 3 .CE'( 0 H).CHE.C 00 E 

If the carboxyl group be next attacked by MgE'X, 
the following change takes place, resulting in a sub- 
stituted trimefchylene glycol : 

CH3.CE'.CHE.000E CHa.CE'.CHE.CE'a 

I ->11 

OH OH OH 

The tendency to form organo-metallic compounds, 
seen in the metals of group 1 (alkali metals) reaches • 
a maximum in the metals of group 2 ; it diminishes 
on passing through groups 3, 4 and 5, and none of 
the metals in groups 6 and 7 combines with organic 
radicles. The property reappears in group 8, which 
contains the transitional elements. 

Aluminium, thallium, indium and lithium form 
complexes with alkyl or aryl halides, which are de- 
composed by watei’, with the formation of hydro- 
carbons. 

These compounds are not produced in the presence 
of ether, but by heating the halogen derivatives with 
the metal.^^ 

Two important applications of the Qrignard reagent 
to synthesis in the terpene series may be mentioned. 

The formation of dipentene from 8-keto-hexahydro- 
benzoic acid (see p. 14) by Perkin involved the 
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following RtageR : osfcor was treated witli mag- 

nosiam methyl bromide, and tlio addition compound 
gave on hydrolysis 8- hydroxy -hoxahydro-p-toluic 
ester : 

yCll,,ClU yCE^.CIk^ ^Oll 

KOOC.dH CO -> nOOC.OH c 

^Clla-Cn/ '^Clla 

This ester was then converted into 8»broni«hoxa« 
liydro-j 2 >tolaic ester by the action of hydrogen bromido^ 
and from this, by removal of HBr with alkali or 
pyridine, A^-tetra-hydro-^^-toluic ester was obtained: 

>CH2.CH3. .Br yOEi.CE , 

BOOC.Oil B.OOC.OH C.OII:, 

^Clla ^CHj.Cirj/ 


Treatment of this ester witli 2M'gMoBr gave 
terpineol, whicli was convortod into dipontono by 
dehydration witli acid potassitini sulphate : 


Cll,/ 


yClT,.Cl^ 

C(OH).CU 'C.CII3 

\cHa,CIIa/’ 


aij,\ / 
-> ^G.Cll 
CH,/ \, 


GJl2.GU>, 


c.oir.. 


Glla-Cir,' 




Tlie synthesis of * ^^^^bi^-xnonthadiono from ethyl- 
A^-totraliydro-p-toluato involved the following stages: 


0H3 

1 

CIT:, 

CHa 

1 

CII 

j 

CE 

In 




. 

jC OE. 

rr r 

n.jc cE,j 

. 

E,jC CH. 

1 1 

jC on 

iiji (';ii 

1 1 

GH 

0 

G 

i 

/l\ 

UXI CllaOJ 

\ 

t 

j 

GOOlt 

(1 

CE.J Cllg 

[Xjj 
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Calcium and Baeium. 

These metals^ so alike chemically and physically^ 
have been closely associated together in the solv- 
ing of the problem of atmospheric nitrogen fixa- 
tion. 

Calcium has received some application in organic 
synthesis similar to that of magnesium ; alkyl and 
aryl compounds^ CaE^, have been prepared^ and it 
seems likely that many of the magnesium syntheses^ 
already mentioned^ could be accomplished by the use 
of calcium. 

The compounds of calcium and barium^ instru- 
mental in bringing about nitrogen fixation^ are the 
carbides, the preparation of which has been rendered 
possible by the advent of the electric furnace. This 
means of attaining very high temperatures came into 
general use during the eighties of last century, and 
rendered possible the preparation, on a large scale, 
of many new and useful substances. 

In 1895, Frank and Caro found that when barium 
carbide was heated to redness in air the main product 
was barium cyanide, but simultaneously a certain 
amount of barium cyanamide was formed. These 
two reactions, therefore, proceeded side by side : 

BaCa + Ng = Ba(CN)3 ; BaCg + Ng = BaN.CN-f C 

These workers subsequently found that when cal- 
cium carbide was used the cyanamide was the main 
product, while the cyanide became the by-product. 

These efforts to prepare a nitrogenous land ferti- 
lizer promised success, since the cyanamide decom- 
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posed easily in tlie presence of watei*^ yielding am- 
monia and lime : 

CaN.CN + 3H2O = CaCOa + 2NH3 

Later work has shown that cyanainide of lime is 
not only a valuable fertilizer product^ but that it 
can be used for a variety of purposes and trans- 
formed into various useful products. 

Eleven European factories were making the sub- 
stance in 1909^ and their yearly output was estimated 
at 166^000 tonSj while in the same year the American 
Cyanamide Company erected at Niagara^ plant 
capable of yielding 20,000 tons per annum. The 
substance is sold for agricultural uses under the 
name of nitrogen lime (German, Kalkstickstoff), and 
has been shown to be equal in value to an equiv'alent 
^ of calcium nitrate. 

Since 1901 it has been found unnecessary to prepare 
the carbide itself in the first place, and necessary to 
exclude oxygen, so that now the process involves the 
heating together, in an electric furnace, of lime and 
carbon in atmospheric nitrogen, when the following 
change takes place : 

CaO + 2 C r = CaM.CN + CO. 

The complete decomposition of the cyanamide into 
calcium carbonate and ammonia may be accomplished 
in stages by suitably arranging the conditions, so that 
the first substance to be formed is cyanamide itself, 
which is then ti’ansformed into ui’ea, and the third 
stage involves the hydrolysis of ui*ea into carbon 
dioxide and anmionia : 
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CaKON- + 2H2O = Ca(OH )3 + 

NH3.CN + H2O - C0(NH2)3 
COCNHoJi + H3O - CO3 + 2NH3 

Under ordinary soil conditions all tlie above stages 
are realised, but by heating with water under pres- 
sure, complete decomposition into calcium carbonate 
and ammonia takes place. 

The chief uses of calcium cyanamide are as follows : 

(1) By decomposition with steam it is used for 
preparing ammonia and ammonium salts. 

(2) When fused with sodium carbonate, or chloride, 
and carbon it yields sodium cyanide : 

CaN.CN + Na3C03 + C - CaCOa + 2NaCN. 

Hundreds of tons of cyanide arc manufaefcured 
annually in this way in Europe, and in Mexico it is 
made in the mining districts. 

(3) It receives some application in the case-harden- 
ing of steel. 

(4) By the action of dilute acids, dicyanamido is 
formed : 

2CaN.CN + 4H3O - 2Ca(OH)3 + (ON.Nir2)2 

Dicyanamide is used in largo quantities by dyers 
and explosive manufacturers. Its presence in gun- 
powder tends to lower the temperature of the gun- 
barrel. 

(5) Artificial urea made from cyanamide is used 
in large quantities for certain pharmaceutical pre- 
parations : 

CaN.CN + 3ILO = Ca(OH)2 + CO(NH2)2 

(6) Large quantities of guanidine are made from 
cyanamide. Two methods are available for this 
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preparation ; either the cyanamide may bo treated 
with ammonia, or it may be reduced with zinc and 
hydrochloric acid. In the latter method, methyla- 
mine is produced at the same time by reduction of 
the hydrogen cyanide formed : 

.mi, 

CN.NHo + mia =:= HN: C< 

.NHo 

2W.mi, + - HN: C< + HCN 

HCN + 211, - CHa.NHg. 

(7) Creatine is prepared by combining cyanamide 
with sarcosino (methyl glycine) at 100^ C. : 

NH. 

CN.NHa + CPIy.NH.CIH.COOH = >C.N(CH,).CH..COOI-L 

IIN>"^ 

(8) Another metliod for preparing cyanide depends 
upon the heating of dicyanamide with alkaline car- 
bonate and carbon. Ammonia is formed at the same 
time and is generally absorbed in sulphuric acid. 

2(CN.NH2)2 + 21^2003 + 4C = 4jS:CN + 2 NH 3 + Hg + GCO + Ng 

A process patented in 1903 by the Ampere Electro- 
chemical Co. (U.S. patent 719223) for the prepara- 
tion of barium cyanide and acetone is as follows : 

Barium hydroxide and carbonate are heated with 
coke in a revolving electric furnace. The barium 
carbide formed, rolls down into a cooler region and 
there comes into contact with a stream of atmo- 
spheric nitrogen, and the resulting cyanide is with- 
drawn : 


liaC2 + -N*-' Hi(CN)2 
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Tho cyanide is next treated with acetic acid to 
liberate the hydrogen cyanide^ which is then passed 
into alkali : 

Ba(CN)3 + 2CH3OOOH -= (CH3COO)2Ba + 2HCN 

The acetate is then snbrnittod to distillation^ where- 
by acetone is formed^ and the barium carbonate is 
used over again : 

(CH3C00)aBa = CH3.CO.Cir3 + BaCO.-} 

The by-product of the first stage^ barium cyanamide, 
is separated from the cyanide and converted into 
alkali cyanide by fusion with carbonate : 

BaN.CN + + C = BaCOa + 2 NaC]sr. 

The preparation of nitrides from atmospheric 
nitrogen making use of calcium or magnesium; has 
been the subject of much investigation and of many 
patents. 

The nitrides are easily decomposed by the weakest 
acidS; even by carbonic acid; liberating ammonia; and 
often they can be decomposed by water. 

Some processes depend on the fact that the oxide 
of a nitride-forming metal is reduced to the metallic 
condition; when heated in the electric furnace wnth 
carbon in the requisite quantity; and if a stream 
of nitrogen be then blown through the fused masS; 
nitride is formed. 

Magnesium haS; for example; been utilised in this 
way : 

2MgO + 0 « 2% + COg; CMg + 3 N 3 - 
MgsliTa + 6H2O =» 8Mg(OH)2 + 2^3 

The French Patent, 350966, depends upon the 
production of calcium hydride which is formed by 


I 

I 
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heating the metal in hydrogen ; the hydride is next 
converted into the nitride by a stream of nitrogen; 
ammonia being foi’med at the same time : 

Ca + II2 « CaHg ; SCaHa + == Ca-iNTa + 2NH3 

CayM. + 6H2 =- 3 GaH 2 + 2]SrH, 

The nitride is then heated in hydrogen to decom- 
pose it in the manner indicated above ; the method 
is 0116 ; therefore; of continually fixing atmospheric 
nitrogen and converting it into ammonia. In de- 
veloping this method it has been found that either 
calcium or magnesium may be used; or a mixture 
of the two metals ; also that it is immaterial whether 
the hydrogen and nitrogen pass over the metal 
separately or together ; and instead of hydrogen it 
is possible to use water-gas. 

The reaction may; therefore; be regarded as a 
^ synthesis of ammonia from its elements in the 
presence of magnesium or calcium. 

Another process for the fixation of atmospheric 
nitrogen is the subject of an English Patent; 1894; 
13315. 

A heated air-blast is passed into the bottom of a 
vertical furnace containing a mixture of alkaline 
carbonate and coal (the carbonate may be replaced 
by or mixed with oxido; hydrate or nitrate); whereby 
a cyanide results; which is carried up in the form of a 
fume and at a suitable height is decomposed by a 
jet of steam; into cai'bonate and ammonia; the latter 
being collected in condensers : 

KaCO, + 4C + Ka = BKCN + 3C0 
KCM + 2H2O =. HOONII2 + KOII 
IICONH2 - CO + NH:, 

CO + 0 - CO. ; GO2 -H 2K01I « h II2O. 
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Tlie KgOOg is allowed to fall down to tlie bottom 
of the furnace and the process is repeated. The 
entire reaction may be represented by the following 
equation : 

2 KCN + SHoO + O3 - K3CO3 + 2x1X3 + CO2 

This process may evidently be used to yield 
ammonia and formic acid if the reaction is regulated 
to bring about the following change 

KCN + 2H3O - IICOOK + NH3 

Two applications of the calcium and barium salts 
of various organic acids are common and of great 
importance. 

Firstly, the calcium and barium salts of organic 
acid are frequently used in the preparation of the 
acids themselves, by treatment with mineral acids 
such as sulphuric, hydrochloric or phosphoric. This 
method was fii*st utilised by the Swedish chemist, 
Schcele (about 1770), who discovered by this means 
tartaric, citric, malic and oxalic acids. 

Secondly, by the dry distillation of the calcium and 
barium salts of organic acids, ketones are formed : 

(CIl3COO)2Ca = CaCO., + CH3.CO.CH3 

If the salt of formic acid be mixed in molecular 
quantity with the other salt then an aldehyde is 
produced : 

(HCOO)2Ca + (CH3COO)2Ca = 2CH3.CHO + 2CaC03 

Certain cyclic ketones have been formed in this 
way, and from them, the cyclic hydrocarbons. 

For example, the calcium salt of adipic acid yields 
on distillation, adipoketone (keto-pentamethylene) , 
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and this by reduction and subsequent use of hydrogen 
iodide gives pentamethylene : 


CH3.CH2.COO 

I \ca ^ 

CH3.OH0.COO 


reduce 


+ HI 


^CO 


^ ^CHOH 
CH2-Cir3 

CH2.CH2 

^\js:x.L ^ j ^CH2 

CHo.CHf CHo.OhT 


CH2.CH2 

reduce 
>CHI > 


In a similar manner hexamethylene can be pre- 
pared from pimelic acid^ and heptamethylene from 
suberic acid : 


CHo 


^CHa.CHa.COO 


/CH3.CH3 


>CH2.CH2 

\ca CiC ^CO CH2 ^CHa 


\cH2.CH2.COO \cH 3 .CHf ^CHa.CH 

CH2.CH2.CH2.COO GH2.CH2.OH2 

I \ca -> I ScO 

CHo.CHo.CIIa.COO CH2.CHcCHr 

CH2.CH2.CH2 

I ^ 0 H 2 

CH2,CH2.CH2 


By means of this reaction Haller obtained camphor 
from camphoric acidJ® 

The complete process was as follows ; camphoric 
anhydride from camphoi'ic acid was reduced with 
sodium amalgam to campholide, and this combined 
with potassium cyanide gave homocamphoinc nitrile. 
The nitrile was hydrolysed^ and the calcium salt of 
the resulting homocamphoric aoid^ on heating, gave 
camphor : 
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OhIIm 


/ 


.COOH 


~1-L>0 


/CO., 


reduced 


vOITov 

-> C,H,/ >0 C,i-r,,<; “>< 

\COOH \C0/ \C0/ 


+ KCN 


hydrolyse 

/CI-IoXiN 


C,H,/ -> 0,llu 

\COOK 


/GH0.COOH / 




COOH 


0 -> 

CI-L 

io' 


The hydroxides of magnesiuni;, calcium and barium^ 
have played an important part in the synthesis of 
sugars. 

In 1861^ Butlerow digested aU' aqueous solution of 
calcium hydroxide with trioxymetliylene (a polymer 
of formaldehyde) and obtained a sweet yellowish 
syrup.^'^ 

In 1886; Loew preqDai’ed a syrup which he termed 
forraosO; by shaking a 4 per cent, solution of formal- 
dehyde with milk of lime and then filtering. 
After standing for five or six dayS; the solution was ^ 
evaporated and a syrup obtained.^^ 

A few years later (1889) he used magnesium 
hydroxide; and by the same method obtained a sweet 
syrup which was fermentable and which he termed 
methose.^® 

The above three syrups all appear to have con- 
tained a-acrosG; which Emil Fischer isolated in a pure 
state in 1887; by the action of baryta water upon 
acrolein bromide; when a mixture of a- and /3-acrose 
was obtained. 

2C:,lIiOBr2 + 2Ba(OH)2 -= CJIisOo + SBaBr^ 

Fischer subsequently obtained a-acrose alone; by 
the polymerising influence of one per cent, sodium 
hydroxide uponjglyceroso; an oxidation pi’oduct of 
glycerol.^^ 
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CH.OH CHoOH CHoOH 

I I ^ I ^ 

CHOH + CO -> CHOH 

! I I 

CHO CHoOH OHOH- 
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CHAPTER IV 

ZmO AND MERCURY 

The use of zinc for preparing ketones and tertiary 
alcoliols from acid chlorides^ has received wider 
application since Michael showed how it might be 
used in a similar manner to magnesium^ without 
isolating spontaneously inflammable organo-zinc com- 
pounds. It has been used largely by Blaise and his 
co-workers in synthesising ketones and c3mlo-acetals ; 
it is less reactive than magnesium^ and is^ therefore^ 
complementary to that metal in synthetic work. 

The zinc oi'gano-halide is prepared for use by 
heating together the zinc-copper couple^ the alkyl or 
aryl halide^ ethyl acetate^ and toluene for about an 
hourj the reaction being started if necessary with a 
crystal of iodine. All the reagents must be well 
dried^ and the colourless viscous liquid wliich I’esolts 
is utilised by adding to it the acid chloride dissolved 
in toluenC; and when the required amount has been 
added the intermediate zinc complex is decomposed 
by the addition of dilute sulphuric acid.^ 

Blaise synthesised oj3-unsaturated ketones^ and 
ketone-alcohols as follows : A /3-hydroxy-aliphatic 
ester is prepared by condensing a ketone with an 
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«-lialogen substituted ester bj means of zinc (Refor- 
matsky^s reaction) : 

R.CHBr 

I + (CH;0,CO ^ (CII.i)oC(OH).CHE.COOR 
COOR 

The /3-hydroxy-alipIiatic acid is then acetjlated 
and converted to the acid chloride by tliionyl chloride^ 
after -which the acid chloride i^eacts with ZiiEX^ to 
produce an acetoxy-ketone which is hydrolysed to an 
o/3-iinsaturated ketone : 

■f 

HO.CHR.CHE'.COOH -> AcO.CHE.CHE'.COCl > 

-> AcO.CHR.CHR'.GOPo" -y RCH : CR'.COE" 


If however; there is no hydrogen atom in the 
a-positioii; a saturated keto-alcoliol results: 

AcO.CHa^CRa.COR" -> HO.CHo.CBa-OOE'^ 
jS-hydroxy-a^i-dimethyl propionyl chloride; for 
example; changes in this manner." 

The semi-acid chlorides of succinic and gliitaric 
acids yield keto-acids by treatment with ZnRI : 

CHa.COOE CI-rs.COOE CIL.COOH 

I —^1 ->■ I 

OH2.COCI CHo.COB Oir^-GOE 


Diketoiies are obtained from the acid chlorides of 


adipic acid and higher acids of the series : 



COCl 

COCl 


— > 



€OK 

COK 


This cliange is not applicable to succinic and 
glutaric acids. 

Compounds of the type E.CO.O.OHR.GOOI give 
cyclo-acetalS; probably by the following change : 

0— COv 

Z11I0.CB2.0.0HR.COC1 yoim 
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These cyclo-acetals may he hydrolysed, forming 
liydroxy-acid and aldehyde 

XO^Ov 

ECH<^ ^ ^CHR' + HoO = KCHO + R'CHOH.COOH. 


The use of zinc in those syntheses which are now 
generally carried out by the aid of niagnesiimi, lias 
already been mentioned, p. 45. 

A further application of zinc is seen in a reaction 
first carried out by Reforniatsky in 1887, in which 
halogen substituted esters are condensed with ketones 
or with ketoiiic esters. An example is afforded by 
the production of j3-hydroxy-isovaleric ester from 
acetone and iodo-acetic ester; a zinc addition com- 
pound is probably formed, and on the addition of 
dilute acids is decomposed. This reaction is there- 
fore represented in the following manner: 


CH3/ 


/I 

CO + CH< 

\cooaH5 


— > 


CH3V .OZnI 
CH/ ^CHa.COOCoHs 


CHav .OZiiI CH3V .OH 

>C<; + HCl = >C< -f ZnlCl. 

CII/ ^CHo.COOaHs CIV ^CHa.COOCaHs 


Citric ester has been synthesised in this way from 
brcm-acetic ester and oxaly 1-ace tic ester 

CHoBr CO.COOC 2 H 5 CHa 0 ( 0 H) CH.> 

I +1 ->1 I I 

COOC 2 H 3 CHs.COOC^Hs COOC 0 H 5 COOCaHs COOC.H^ 

Another example is camphoronic acid (aa/3-tvi- 
methyl-tricarballylic acid), an oxidation product of 
camphoric acid, which can be synthesised from 
a-hroni-isobntyric ester and acetoacetic ester.^ 
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(CH3)2C.Br 


cooatis 


CO.CH 3 

+ 1 -> 
CH2.COOO.H5 


(GH3)2C 

OOOC2H5 


C.CHa CH2 

I I 

OH COOC.J-I 5 


The hydroxyl group of this hydroxy-triniethyl 
glutaric ester is replaced by chlorine; this again by 
cyanogen; and the nitrile gives the required acid on 
hydrolysis; dl-cainphoronic acid : 

(CI'LOaO C.CH 3 CH, 

I 11"^ 

COOCoHg CH COOC0H5 

(CH3)oC C.OH3 CI-L 

COOH COOH COOH 


Magnesium has been used in place of zinc for this 
type of synthesis/’ 

Zinc is frequently used for bringing about con- 
densation by the elimination oE halogen or of 
hydrogen halide. 

For the preparation of hydrocarbons it may re- 
place sodium in the Wurtz-Fittig reaction : 

2C0H5I + Zn = Znl. + CliHjo. 

In reactions where hydrogen halide is eliminated; 
zinc plays a somewhat similar rule to that of alu- 
minium or aluminium chloride in the Friedel-Orafts 
reaction (Chapter V). 

Naphthyl-phenyl-ketone is obtained from naphtha- 
lene and benzoyl chloridO; in the presence of zinc / 

CjoHg H- QiHaCOCl ^ Cl^,U.y.COX\;il, - 1 - 110] . 

Phenyl-tolyi-inethane from benzyl chloride and 
toluene is another example : 

CeHfi.CHsCl + C^H^.CH^ CalJ5.OH2.O0lb.OH3 f ItOl. 
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A recent and interesting use of zinc is found in 
the preparation of keten^ the simplest of the ketides^ 
from brom-acetyl bromide.® 

After an unsuccessful attempt to remore the 
chlorine from chlor-acetyl chloride^ it was found 
possible to remove the bromine from brom-acetyl 
bromide by treatment with zinc turnings^ in ethereal 
solution. , For this purpose the brom-acetyl bromide 
(50 gms.) was dissolved in ether (250 gms.) or in acetic 
ester (200 c.cm.), and the mixture was then dropped 
on to zinc turnings^ in a distillation flask. A vigorous 
reaction took place and the product was allowed to 
distil over^ in a current of hydrogen gas. 

The keten was isolated by passing the mixed 
vapours through a vessel immersed in liquid air and 
was found to be a gas at ordinary temperatures^ 
which liquefied when cooled to — 56° and solidified 
at —151°: 

CHaBr.COBr + Zn = CHoiCO + ZnBro. 

Methyl and ethyl keten can be prepared by the 
same method using a-brom-propionyl bromide and 
a-broni-butyryl bromide respectively^ but the yields 
are smaller than with keten itself : 

CI-Li.CHBr.COBr + Zii == CII,.CIL : CO + 
C2H5.CHBr.COBr + Zn == C2H5.CH;C0 + ZiiBro. 

Oai’bon suboxide (C3O2) may be regarded as keten 
in which the two hydrogens of the methylene group 
have been replaced by the carbonyl group : 

HgC : CO CO : C : CO 

Keten Carbon snboxide. 

This substance was prepared in 1906^ by heating 
inalonic acid with phosphorus pentoxide at 300° under 
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reduced pressure (12 mm.). Carbon suboxide is a 
colourless gas at ordinary temper atures^ its boiling 
point is + 7° and the melting point of the solid is 
— 108°. It is to be regarded as malonic anhydride^, 
since it is formed by the removal of two molecules 
of water from malonic acid and because it recombines 
with water^ forming malonic acid 

yCOOll ^CO 

CH< = C-( + 211.0. 

\COOH 

This oxide of carbon can also be prepared by the 
action of zinc turnings upon di-brom-malonyl bromide : 

.COBr ^CO 

CBr< + 27 j 1 i = CT + 2ZnBro. 

\COBr ^CO 

Zinc is a valuable reducing agent in acid; alkalinO; 
or neutral solution; and in the dry state it is used to 
remove oxygen from phenols and other oxygen- 
containing bodies. By mixing alizarin with zinc dust; 
and heating the mixture; Graebe and Liebermann in 
1886; reduced the dye-substance to its parent hydro- 
carbon^ anthracene. 

In effecting the reduction of oxygen compounds 
by this method; zinc dust is mixed with the substance 
to be reduced; and the mixture is then heated in a 
combustion tube. The reduction is often facilitated 
by passing a stream of hydrogen or carbon dioxide 
through the heated mixture ; 

CoHsOH + Zn = + ZnO ; OioHyOH + Zn = C,oHs + ZnO. 

By this method succinimide can be converted to 
pyrrol; and homo-phthalimide to isoquinoline : 
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CHij.CO 

I ymi t- 27m 


OTT..CO 

an, .00 


I /■ 

OH., .GO 


CH : CH 

I \nH h 2ZnO 
CH : CH 
CH 

X /^CH 

>NH + 2Zn = 0,11, 1 + 2ZnO. 

^ \ 

CH 


Homoplithalirnide itself is produced by reducing 
plitlialic anl^ydride and then }i3^di'olising the cyano- 
addition pi'oduct; the ammonium salt of the acid 
formed is then heated : 


CO 

C,;H/ \0 -V 

^00 00 

yO: 

0,H,< 


CT-I> 


+ KCN 


.>0 

00 
CLLvCOOH 




.CHoON 


OOK 


QH., 


.CI-L.COOlSrH, 


COONIT, 


COOH 

CPH.CO 

1 ymi + NIL; + 2H,0. 


CVJ-It.CO 


Zinc Chloetdh, 

This substance is used to effect condensation by 
the elimination of water^ anunonia^ or hydrogen 
chloride. 

It was used by Groves in 1874^ to prepare ethyl 
chloride by the interaction of ethyl alcohol and 
h}alrogen chloride 

aflrflii + HOI = 0.^11,01 + H 3 O. 

Illustrative of the power of zinc chloinde to elimi- 
nate the elements of water^ is the fact that many of 
the higlier primary alcohols when heated with this 
reagent; become converted into olefine hydrocarbons. 
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Homologiies of the phenols can be prepared hy 
heating a mixture of the phenol with a primary 
alcohol and 7nnc chloride at 200° ; thns^ from phenol 
and isobutyl alcohol is obtained isobutyl-phenob while 
from cresol the analogous isobutyl-crosol results 
CVIIrPII + (CH:,)2CH.OH.pn — (CILi):jO.CV.H,.<OT + H.p. 

CH‘, CI-I, 

I i! + ( 0 H 3 )>CH.CIL 0 H - I + HoO. 


Alkyl ethers of the phenols are foinned simul- 
taneously. 

The production of phthaleins by zinc chloride is 
exemplified by the condensation of phtlialic anhydride 
and dimethyl-aniline : 


.00. 

<hH,< >0 + 2O,Trr,N(OH:0, = | | ^ 

^00/ CO — O 


C,E,.]Sr(CIT3), 

C,r-T.,N(CIT3), 


Hp. 


The leuco-base of malachite green is formed by 
condensing benzaldehyde with dimethyl-aniline in the 
presence of zinc chloinde : 

.C,,Ih.N(CH3), 

Coir,, .OHO + 2CrtH5.N(CH3), = CJIr^.CHd + Iip. 

\Con.,N(Cir3), 

Acid chlorides condense with acid anydridcs^ 
hydrogen chloride being eliminated in the presence 
of zinc chloride 

OoHrPOCl C 0 H 5 .CO C,Hr,.CO.C„HpO 

CJTs.COCl Q;Hf,.CO 0AIr.C0.C,.IT,do 


Acridine and its homologiies are foimied by heating 
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the acidyl derivatives of diplienylamine with zinc 
chloride 


GHO 


+ H,0. 


The method of Groves for preparing alkyl chlorides 
has been improved by Dehn and Davis^ who recom- 
mend the use of phosphorus trichloride instead of 
hydrogen chloride. 

The reaction is repi’esented by the following 
equation 

PCl,.j + ZnClo + 3C:,H70H = 3C3H7CI + 2 HC 1 4- Z11HPO3. 

While the maximum yield by Gi’oves’ method^ using 
hydrogen chloride^, was 28 per cent.^ they obtained by 
the above modification a yield of 90 per cent, of 
propyl chloride^ and with isobutyl and isoamyl 
chlorides the yields were 60 and 70 per cent, respec- ^ 
tively. 

Many condensations ai'o brought about with the 
elimination of ammonia, by zinc chloride. 

Naphthylamine and methyl alcohol yield naphthyl- 
methyl-ether : 

CioH-.NIIa + CH:,OII - CjoHr.O.CHs + NH3. 

Phenyl-hydrazones of aldehydes and ketones lose 
ammonia and form indol derivatives.^^ 

Acetime phenyl-hydrazone gives a-methyl-indole, 
while the hydrazone of propaldehyde gives j3-methyl- 
indole 

/CH3 /CHx 

OaHfi.NH.N : C( - Cfill/ + MH3 

\Cir3 

yC.CHvv 

C.rrfi.NH.NcClC.CIL.CIT., = + NH.,. 

\ NH / 
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Zinc cliloride may be used to assist tlie introduc- 
tion of acetyl groups by means of acetic anliydride, *^' 
A saturated alcoliolic solution of tlie chloride may 
sometimes be used instead of the solid ifcself. For 
example^ by warming* o-aniino-cinnainic ester in an 
alcoholic solution saturated with the chloride^ water 
is eliminated and a-ethoxy-quinoline results 


yCHcCH.COOaiTa 
XnHo ^ 


.CI-I" 


■ NT 


CH 

I 

.C.OaHr, 


+ HoO. 


Metallic zinc may be used as an oxidising catalyst. 
When the vapour of alcohol^ mixed witli air^ is 
passed through a tube containing heated zinc^ a yield 
of aldehyde amounting to 80 per cent, may be 
obtained. 


Mercury and Mercury Compounds. 

The use of mercury and its compounds is confined 
to the substitution of halogens and to oxidation. 

The aluminium-mercury couple (prepared by im- 
mersing aluminium foil in mercuric chloride solution) 
is a halogen carider of some valiiOj and is used to facili- 
tate substitution in the aromatic series of compounds, 
by chlorine and bromine. 

For this purpose the hydrocarbon or the body into 
which it is desired to introduce bromine is placed in 
a flask and a few pieces of the couple added ; the 
bromine is then added slowly and the substitution is 
accompanied by a vigorous reaction.^® 

Mercuric oxide is utilised when iodine is to be 



74 


SYNTH RTIO ITRR OF MFTALR 


introduced ; the easily vediicible oxide forms mercuric 
iodide with the liberated liydrogen iodide Avhich it 
ia essential to remove} from the spliere of action. 

The following a, re exa.inples of this method : 

Phenol is converted to iodo- and di-iodo-plienol bv 
adding gradually^ iodine and mercuric oxide to an 
alcoholic solution of phenol and agitating 

2CnHr,OI-I + UgO + 21, = 2CJ-b(OH)I + Hg-I, + H.O 

2C,iH,OH + 2lIgO + 41, = 2 GcH:j(OH)I 2 + 2HgL + 211,0. 

lodo-dnrene is obtained by adding iodine and 
mercuric oxide to durene dissolved in petroleum 
ether_, and allowing the mixture to stand some tiined^ 

As an oxidant;, mercury may he used in the 
presence of sulphuric acid. One of the mo>st impor- 
tant examples of this is the oxidation of naphthalene 
to phthalic acid^ used on the large scale in the iii'st 
>stage of the process for preparing indigo from th# 
liycirocarbon. 

The phthalic acid is next converted into anthranilic 
acid; and this is condensed with cliloracetic acid ; 
the stages are indicated by the following forinuh-e : 


/COOH y'K.yW A 

Ou,i-is c,h/ -> c,h/ >0 -> c«i-r/ 
Acooh V.O Ni 

/NHo 


-CONIT, 

.^COOII 


yNH.CHo.COOH 
• OJl/ 

coon ''COOII 

yCOv ^COv 


The phenyl-glycine-carhonic acid is fused with 
caustic soda and the aqueous extract from the fused 
mass oxidised by air. 
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The use o£ mercuric oxide as a mild oxidant is 
sliown in tlie following examples. 

Salts of phenyl-hydrazine are oxidisevd to the 
correspoiiding diazo-componnds : 

(G,J-Tr..NI-I.]SrHo)2 H.SO^ + 20o -- : N)., SO, + 4 H 2 O. 

Di-ethyl-hydrazine is oxidised to tetra-ethyl-tetva- 
zone ; 

2(C2Hr,).N.NHo + Oo rr: (GJ-IrOo N.N : N.NCCJIO.j + 211,0. 

This action differs from that of Fehling^s solution^ 
which in the first case gives benzene and in the 
second case diethyl amine : 

2 OJ-r 5 .NH.NTr, + O, 2 Gjr(., + 2 N, + 2 IT 2 O 
4.(C,H5).>N.NI-r, + 0., =- 4(C.Jl5)oNn + 2 N, + 2H.,0. 

The addition of the elements of water to various 
acetylenes takes place in the presence of mercuric 
bromide and other mercury salts.“^ 

Acetylene is converted to acetaldehyde^ allylene 
to acetone, and valerylene also to a ketone : 

CJL + T-r.,0 -r CTDj.CHOj CIX^.C : CH + ILO Cil-Lj.GO.CK,. 


BiBinoaBAPnY. 

^ Bull. See. Cliim., 1911 (iv), 9 (i-xxv). 
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CHAPTER V 


ALUMmiJM. TIN. LEAD. ANTIMONY. 

VANADIUM 

The use of aluminium chloride for bringing about 
condensation bj the elimination of hydrogen chloride 
was first made known by Priedel and Crafts in 1877^ 
who applied it to the preparation of benzene hydro- 
carbons by the treatment of benzene with alkyl 
chlorides^ in the presence of anhydrous aluminium 
chloride ; 

C,,H6 + CHaCl = CfiHs.CH, + IICl 
CAL + CaHsBr = CelL.CJL + HBr. 

Its use has been greatly extended^ and aromatic 
ketones may be prepared by using acid chlorides and 
benzene hydrocarbons. For example^ benzene with 
acetyl chloride gives acetophenone, while benzene 
with carbonyl chloride gives benzophenone : 

CAL + CH3.COCI == Ccl-L.CO.CiLj + l-ici 
2C0IL + COCla = CoIL-OO.CAL + 2HCL 

Aluminium chloride condensations are effected by 
mixing the reagents in a suitable solvent (carbon 
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bisulphide, petroleiiin ether, etc.) und gTadiially 
adding* powdered, dry, and freshly jorepared alLiininiuni 
chloride. If desired the procedure may bo altered 
by placing the whole amount of aluminium chloride 
in the solyent and then adding the reacting substances 
gradually. 

The reaction, which is vigorous, is completed by 
heating the mixture on the water-bath, and tlioii 
pouring the contents into cold water previous to 
extracting the end-product with benzene, ether or 
other suitable solvent. 

Acids can be prepared by using carbonyl chloj’ido 
or carbamic chloride ; in the former case an acid 
chloride is obtained in the first instance, and in the 
latter case an amide d 

OgHo + COCI2 = C^Hs.COCl + HOI ^ 

CgHo + CICOHH. == C0H5.CO.NH2 + HCl. 

Aldehydes of phenols and of phenol-ethers can bo 
obtained by passing gaseous hydrogen chloride and 
hydrogen cyanide into the phenolic substance, mixed 
with aluminium chloride d 

/OCH^ 

C5H5.O.GH3 + CICH : NH = + HCl. 

\CH : NH 

The intermediate imino-compound is acidified and 
distilled with steam : 


/OCH3 

CgHZ + H>0 

^CH : NH 


yOCH, 

■■ + Nir^. 

\CHO 


Aldehydes can be formed by acting upon a.roinal.ic. 
hydrocarbons with a gaseous mixture of carbon 
monoxide and hydrogen chloride 
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CTI 

QII5.CH, + CTCOH = QiH,/ ^ + HCl. 

\CHO 


The following' are examples of internal condensa- 
tion broiigliti about by AICI 3 

Phenyl propionyl chloride ->■ liydrindone : 

/ GHo V >CHov 

G,H/ >CHo 0«H,< >CHo + HCl. 

COCK \CO/ 


Phenyl valeryl chloride -> plieno-keto-heptamethy' 
lene : 


> CI-L— OI-Io V 

CoHK - - XCH., 

COCI--CH 0 / 


>CHo— CHov 

OoH/ ' >CHo + HCl. 
\CO— CHK 


Similarly phenyl-biityryl chloride passes to a-keto- 
tetrahydro-iiaphthalene. 

Sometimes direct combination of two molecules 
'^results without any elimination taking place^ as for 
example;, in the union of phthalic anhydride and 
benzene to form o-benzoyl benzoic acid 

/C0C„H5 

CoHA >0 + C„H„ = C„H / 

\/ \C00H 

Another example is the formation of benzanilide 
from phenyl carbirnide and benzene: 

CoHfi + C 0 H 5 N : CO == C^H3.NH.CO.OeiH5. 

/3-Diketones (1 : 3-diketones) may be obtained 
from acid chlorides^ and here again^ an intermediate 
addiLiou compound appears to be formed and then 
decomposed by treatment with water. The forma- 
tion of acetyl acetone from acetyl chloride will serve 
to illustrate this type of synthesis : 
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CH3CO. 

3 CH 3 COCI + AICI 3 - >CH.CCL.O.AlCl 3 + 2HC1 

CH3CO/ 




CH 3 CO.CH 2 .COCir 3 + COo. 

Benzene is convei’fced into benzene snlpliinic acid 
by sulphur dioxide^ in the presence of anhydrous 
aluminium chloride; while oxygen will bring about 
the formation of phenol 

CA + SO. -= CJIvSCoH 

2CoIb + O3 = 2 C,jH50H. <• 

When substances containing hydroxyl groups aro 
used with aluminium chloridc; it is necesary to protect 
these groups from attack by the metallic chloride and 
this is accomplished by esterifying them. For ex- 
ample di-benzoyl-quinol is prepared by the action of 
benzoyl chloride upon quinol dibonzoato and subse- 
quent hydrolysis of the product : 

CoH.i(O.CO.CoH 5)‘^ + 2C^ilL,,OOCl - (CijIbOO)oOoiI.(O.GO.C,;lf,). 

4- 2 ilCL 

(CgH5CO)AH2(O.C0.06H5)3 + 2 H 0 O - (CalbC0).C,5Tr.(011).> 

+ 2 CgH 5.COOXL. 

The function of aluiniiiium chloride in these various 
condensations appears to be catalytic.*^ 

Sometimes relatively small quantities of the 
chloride are sufficient to complete the reactions and 
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at other times larger quantities are necessary ; com- 
plex compounds are generally formed and thus the 
chloride is removed from the sphere of action. 
Anhydrous ferric chloride^ which brings about the 
same kind of condensation^ does not exhibit the same 
tendency to form complex intermediate compounds 
and therefore acts as a catalyst. 

The following are exanqDles of the complex inter- 
mediate compounds which have been isolated 
AUCla.C,,Ho ; A12 C]«.CcH,(CIT,).t 6G,H,; Al,Cl,,Cy-r,..6C,nr.. 

Compounds of oxygen-containing bodies have also 
been isolated : With ether AICI3 ; with anisole 

C7HgO.AlCl3 ; with ethyl benzoate OQH^QOg.AlOlg. 
All of these are crystalline solids. 

A study of the reaction between anisole and benzyl 
chloride indicates that the change is unimolecular and 
that the chloride of aluminium acts as a catalyst; since 
the velocity of reaction is proportional to its concen- 
tration.^ 

The formation of aromatic ketones has been ex- 
plained as proceeding in the following steps 
R.COCl + AlCl, - B.COCl.AlClj 
R-COClAlCLt + Jm = E.CO.E/.AlCb + HCl 
E.CO.R'.AlCla + nll^O = E.CO.E' AlCl:i.iiILO. 

Anhydrous zinc chloride as well as ferric clilorido 
can often be used instead of aluminium chloride 
in these condensations. 

It is interesting that the reverse reaction can bo 
accomplished in the case of the alkylation of benzene. 
All the hydrogen atoms of the hydrocarbon can be 
replaced by methyl groupS; and conversely hexa- 
methyl-benzene can be converted into benzene. 
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The alkyl groups can also be made to pass from 
one hydrocarbon to another^ toluene in the presence 
of aluminium chloride yielding both benzene and 
meta- and para-xylene. 

The fact that small quantities of the aluminium- 
mercury couple can bring about similar condensa- 
tions^ indicates that the chloride acts as a catalyst; 
the formation of diphenyl-methane from benzyl 
chloride and benzene is an example of this.^^ 

Inorganic radicles may be condensed with hydro- 
carbons as in the formation of antimony triphenyl 
and dimethyl-amino-phenyl-phosphine-dichloride 
SbCla + SCcHq * Sb(CoH 5 ).j + 3HC1 
PCI 3 + CoH 5.N(CH3)2 - PCla.CoH 4 .N(CH 3 ), + HCl. 

Aluminium trichloride can be used for hydrolysing 
the alkyl ethers of phenol and its derivatives 
CaHs.O.GHa + HCl = C«H 5 . 0 H + CH 3 CI 
/NOo yNO, 

OfiH./ ' + HCl - CoHZ + CH 3 CI 

\0c1r3 \oii 

Tin and Lead. 

Both metals form compounds with organic radioles^ 
in which the metals themselves are tetravalent. 

These compounds are pi-epared by treating the 
sodium alloy of the metal with the required halogen 
compound, and in the case of tin two other methods 
are avail able, namely, the treatment of tin tetrachloride 
with sodium in the presence of the halogen organic 
compound, and the action of organo-magnesium com- 
pounds upon tin tetrachloride. 

These reactions may be represented by the follow- 
ing equations (X represents 01, Br or I) : 
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Sn + 4Ka + 4RX = SnR 4 + 4NaX 
SnCli + 8Na + 4EX = SnE.^ + 4NraCl + 4XaX 

SnC].! -H 2MgEX = SnEgCl^ + MgX^ + MgCl^. 

By the action of iodine upon the tetra-alkyl com- 
pounds one or more alkyl radicles can be replaced : 

PbB4 + Ij = PbRal + El. 

Compounds of the type PbRgI and SnRgI are con- 
verted into the corresponding hydroxides by treat- 
ment with the hydroxides of silver or sodium : 

PbEgl + AgOH - PbEaOH + Agl. 

The stannonium and plumbonium hydroxides are 
strongly basic crystalline substances which form salts 
with acids. 

Optically active tin compounds have been prepared 
by combining the metal with four different groups 
and then resolving the racemic compound produced. 
The following scheme will indicate the method adopted 
by Pope and Peachy in separating active methyl- 
ethyl-propyl tin iodide 

2Sn(CH3),3l + ZnCCaHs)^ = 2Sn(CH3)3(C3H5) + Znl^ 
Sn(CH 3 ) 3 (C,H 5 ) + I, = Sn(GH 3 ) 3 (C 3 U 3 )I + CH 3 I 
2Sn(CH3),(C,H5)I + Zn(C3H7), = 2Sii(CH3),(C,H5)(C3H7) + Znl^ 
Sn(CH3)2(C,H5)(C3H7) + I3 = Sn(CH3)(C,H5)(C3Hy)I + CH3I 

(Paint yellow oil, b.p. 270°.) 

Resolution was effected by treatment with the 
silver salt of d-camphor-sulphonic acid and subsequent 
decomposition of the camphor-sulphonate formed^ by 
means of potassium iodide : 

Sn(CH3)(C,H6)(C3H7)I + C,oHj 50 S 03 Ag = 
Sn(CH3)(C3H5)(C3H7)S030CioHiG + Agl 
Sn(CH3)(C,H5)(C3H7)S030CioHi5 + KI = Sn(CH3)(C,H6)(C3H7)I 

+ CioHisOSOaK 
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Tin is used as a reducing agent in acid or alkaline 
solution^ and after reduction the metal may be sepa- 
rated from the solution as sulphide by hydrogen 
sulphide^ or if the reduced compound be a base^ caustic 
soda may be added in excess and the base then ex- 
tracted by some suitable solvent. 

When using stannous chloride and hydrochloric 
acid for reduction^ the usual proportions are 40 parts 
SnOl^ and 100 parts HOI (1*17). This mixture may 
be used in alcoholic solution since stannous chloride 
is soluble in alcohol.^^ 

Alkaline stannous chloride is largely used in pre- 
paring azo-compounds and particularly for trans- 
forming diazo-compounds into hydrocarbons 

CoHgNrN.OH + Ha « 

The entire reaction may be represented thus : 

CsHB^rlSrCl + SnCla + H.O = CgHg + + SnOCla + HCl 

Tin tetrachloride is very elRcient in bringing about 
the formation of phthaleins ; for this purpose the 
chloride is heated with the reacting substances to 
about 120°. 

The formation of phenol-phthalein and of salicyl- 
phenol will serve to illustrate this method d® 



HO.C8H4.COOH + CeHgOH == HO.CeH4.CO.C6H4.OH + HaO 

The separation of organic acids by means of the 
lead salt which is subsequently decomposed by 
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hydrogen sulphide; is a method much used; and may 
be illustrated by reference to formic acid : 

(HCOO)2Pb + H^S =: PbS + 2H.C00H 
Lead monoxide; like silver oxide, may be used in 
the presence of water, for hydrolysis. Fats, for 
example, are saponified (hydrolysed) by boiling them 
with water containing PbO in suspension ; the result- 
ing products are glycerol and a lead soap : 

2(Ci5H3iCOO)3C3H5 + 3PbO + - 3(Ci5li3iCOO)aPb + 

Palmitin. Load palmitate. 

2C3H5(0H)3 

Q-lycerol. 


Lead monoxide is also used as an oxidant, gener- 
ally by mixing it with the compound to be oxidised 
and heating, or passing the vapour of the compound 
over heated lead oxide. 

By this method benzil is oxidised to benzophe- 
none, acenaphthene to acenaphthylene, and o-amino- 
diphenyl-methane is converted into acridine 

CoHg.CO^CO.CsHg + PbO - CflII 5 .CO.CJT 5 4 . CO 2 + Pb 
yCH^ .CH 

CioHfl< I + PbO =. CioHZ li + HP + Pb 
^CHa ^CH 


yOILv .CH. 

CflHK NCflHs + 2PbO - CoHZ I >CaH 4 + 211^0 + 2Pb 
NTSTTT. XTST / 


Lead peroxide is used for oxidising louco-bodies. 
For example, leuco-malachite green (obtained by con- 
densing bonzaldehyde with dimethyl- aniline) is con- 
verted to the base of malachite greon by li eating 
with Pb02 : 

Cfln,.N(CH3)2 yCflll^.NCCHs), 

-> OoH 8.C(OH)< 

CflH4.N-(CH3), \CflH4.N(Cir3), 


CoHs.Ch/ 
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The peroxide is utilised on the lai’ge scale for this 
purpose. [Grerm. Patent 50782.] 

Antimony. 

The chief use of antimony and its chlorides is for 
accelerating the chlorination of organic compounds. 
Chlorination is also accelerated by the chlorides of 
iron^ aluminium^ molybdenum or thallium^ and the 
metals themselves may be used. 

Just as the trichloride and pentachloride of anti- 
mony are suitable, so also are the two chlorides of 
molybdenum, M0CI3 and MoClg, and the two chlorides 
of thallium, TlCl and 

Nitrobenzene is converted intom-chloi'-nitrobenzene 
by chlorine in the presence of antimony trichloride.^^ 

According to the German Patent 32564, phthalic 
anhydride is converted into the tetra-chlor-derivative 
by passing chlorine into a mixture of the anhydride 
and antimony pentachloride heated to a temperature 
of 200°: 



Antimony trichloride is used to facilitate pyro- con- 
densations such as that of dinaphthyl from naphtha- 
lene. Only a small quantity of the product is 
obtained by passing naphthalene alone through a 
red-hot tube, but the yield is very much improved 
by mixing the vapour of antimony trichloride with 
the vaporised hydrocarbon : 

eCioHs + 2Sl)Cl3 = 2Sb + 6H01 + SCioHy.CiuH; 
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Tlie yapour of stannic cliloride appears to be still 
more efficient in tliis type of condensation. By its 
means a good yield of diphenyl is obtained from 
benzene. 

Vanadium pentoxide has received limited applica- 
tion as an oxygen carrier. Its presence accelerates 
the oxidation of ethyl alcohol to aldehyde and acetic 
acidj when elfected by air or by oxygen. 

The oxidation of cane-sugar to oxalic acid by con- 
centrated nitric acid is facilitated by the presence of 
a small quantity of vanadium pentoxide.®^ 
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CHAPTEE VI 


lEON. NICKEL. PLATINUM. PALLADIUM 

These metals have all been used as catalysts^ 
particularly in oxidation and reduction processes^ and 
in this connection the value of nickel and platinum 
is well known. 

Certain iron compounds have been used for 
reduction. Ferrous sulphate in aqueous solution^ 
with ammonia, baryta, or sodium hydroxide, may be 
used for reducing, as also may ferrous potassium 
oxalate in neutral, alkaline, or weakly acid solution. 

The following are examples of the reduction of 
nitro-compounds by ferrous sulphate : nitro-phenyl 
propiolic acid^ and nitro-dichlor-benzaldehyde^ ; the 
method has been used to reduce several nitro-acids 
to the corresponding amino-acids.^ 

Ferrous potassium oxalate can be utilised in these 
cases with good results.^ 

The value of iron and of ferric chloride as halogen 
carriers is well known. Ferric chloride or ferric 
hydroxide may be used for oxidising purposes, the 
oxidant being in each case reduced to the ferrous 
condition. 


IRON. NICKEL. PLATINUM. PALLADIUM 89 

The oxidation of ethyl indoxylate to ethyl indox- 
anthinate® and of naphthol to dinaphthol® may be 
accomplished by ferric chloride : 

2C10H7OH + 2 FeCl 3 - C2oHi 2(OH)2 + 2HC1 + 2FeCl3 

Ferric hydroxide is sometimes used for oxidising 
leuco-bases,'^ 

The oxidising action of hydrogen peroxide in the 
presence of feri'ons sulphate, was first used by Fenton 
and applied by him in the conversion of the poly- 
hydric alcohols to the corresponding aldehydes. 

In the first instance, the reagent was used to 
prepare di-hydroxy-maleic acid from tartaric acid : 

CH(OH).COOH C(OH).COOH 

2 I + O, « 2 II + 2H3O 

CH(OH).COOH C(OH) .COOH 

^ Glycerol, ei’ythrite and mannitol can be converted 
to the corresponding aldoses by this oxidant : ® 

The first indication of the value of reduced nickel 
for accelerating the reduction of organic compounds 
by hydrogen, was obtained by Sabatier and Senderens 
in 1897, when studying the compounds obtained by 
passing acetylene or ethylene over heated reduced 
nickel. It was subsequently shown that many organic 
substances could be reduced in this manner, the chief 
factors which, determined the success of the reaction 
being, the temperature at which the nickel was fii’st 
prepared from the oxide by hydrogen, and the 
temperature at which the mixture of the substance 
and hydrogen was allowed to pass over the metallic 
nickel. 

Generally, the catalyst (nickel) is prepared by 
heating pumice, impregnated with nickel oxide, in a 
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current of dry liydrogeii at about 300°. When 
x’educfcion is complete the temperature is allowed to 
fall to between 160° and 200°^ and the mixture of 
the substance to be reduced^ with hydrogen^ is passed 
through the reduced nickel. 

The folloAving is a brief summary of the results 
hitherto obtained by this method^ and a collection 
of references to the original papers will be found at 
the end of the chapter. It will be seen that 
although nickel is the metal most used and the one 
which generally yields the best results^ yet other 
metalS; namely^ copper^ cobalt^ iron and platinum^ 
have been utilised. 

In 1897 it was found that by passing ethylene 
over reduced nickel at about 325°^ a gaseous mixture 
was obtained consisting of 10 vols. of hydrogen^ 60 
vols. of ethane and 30 vols. of methane. At higher 
temperatures the volume of ethane was diminished^ 
and the nickel was found to be most active when the 
nickel oxide was reduced at 300° A mixture of 
ethylene and hydrogen at a temperature of 150° gave 
a quantitative yield of ethane. 

In 1899 and during subsequent investigations^ it 
was shown that when acetylene and hydrogen are 
passed over reduced nickel at ordinary temperatures 
the gases combine^ a rise in temperature takes place 
spontaneously, and ethane is the chief product, but 
the composition of the product depends upon the 
temperature, the proportion of acetylene to hydrogen, 
and the velocity of the gas current. Olefines, parafiSlns 
and benzene are found in the product and the liquid 
constituents increase with rise of temperature, while 
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a diminution of hydrogen also favours the formation 
of liquid hydrocarbons, especially benzene com- j: 

pounds. i| 

Metallic iron, copper and cobalt behave in a I 

similar way, and the formation of liquid hydrocarbons jl 

supports the idea that petroleum may have been | 

formed naturally, by the gases evolved from the acbioii ji 

of water upon carbides of the alkalis and alkaline I 

earths, passing through layers of heated metals in :! 

the earth^s interior. i; 

The metals copper, iron and cobalt produce the 111 

following changes in mixtures of acetylene and | 

hydrogen on the one hand, and mixtures of ethylene || 

and hydrogen on the other hand. ilj 

If acetylene be passed over copper at 180-250'^, | 

a mixture of hydrogen, unchanged acetylene, and jjj 

volatile hydi*ocarbons results ; the copper swells up, | 

owing to a deposit of yellowish highly condensed |l 

hydrocarbon of composition which has been 5j 

named cvprene. If the acetylene be first mixed with i! 

excess of hydrogen and the temperature 200°, the f 

mixture resulting, contains 3 per cent, of olefine | 

(ethylene) and 18 per cent, of ethane ; a more | 

compact form of copper at 170° causes the olefine P 

content to increase ninefold while the ethane is 1; 

reduced in quantity. If the mixture contains half jf 

its volume of acetylene and the reaction proceeds at [ 

150° the amount of ethylene in the product is still r 

further increased and the ethane decreased. |( 

Reduced iron at ordinary temperatures does not 
affect a mixture of acetylene emd hydrogen, but ^ 

above 180° ethane, ethylene (and higher olefines), i 


92 


SYNTHETIC USE OF METALS 


and a small amount of benzene hydi’ccarbons 
suit. 

Eeduced cobalt accelerates the reduction o£ 
acetylene to ethane by hydrogen above 180°, aTX<3L 
some liquid paraffins result at the same timo * 
Evidently these three metals bring about different^ 
results under similar conditions. 

While copper favours ethylene formation^ iro» 
and cobalt, when a sufficently high temperature xB 
reached, favour ethane formation accompanied inono 
case by benzene hydrocarbons and in the other caso 
by liquid paraffins. 

As regards mixtures of ethylene and hydrogeiX:, 
the reaction, -f = O^Hg, is not induced by 
copper below 180°, but between 180—300° this is tho 
main reaction. Metallic iron has no effect on tlip 
mixture at ordinary temperatures, and when heated, 
to 180° the reaction soon ceases owing to the metal 
becoming carburised. 

Reduced cobalt induces the reaction, 

= OgHg, at first and the metal becomes spontaneously 
heated, but it soon becomes carbm'ised and inactive. 

If heated to 100°— 150° the reaction proceeds, yielding- 
ethane mixed with unchanged ethylene and hydrogeix 
together with traces of higher acetylenes. At 300°^ 
much unchanged ethylene and hydrogen are found 
with ethane, together with small amounts of methano 
and liquid hydrocarbons ; the cobalt still becomes 
carburised and its activity declines. 

The reaction between ethylene and hydrogen is 
only temporary in the presence of platinum black at 
ordinary temperatures^ but at 100—120° slow com- 
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bination takes place^ and at 185° the yield of ethane 
is almost quantitative. Spongy platinum behaves in 
a similar manner at 180°. 

Acetylene with excess of hydrogen^ in the presence 
of platinum black at ordinary temperatures gives 
only ethane, but if acetylene is in excess then ethylene 
is also formed, while at 180° some liquid hydrocarbons 
also result. 

The passage of acetylene alone, over the metals 
nickel, platinum, cobalt and iron gives the following 
results. 

A rapid current of acetylene when passed over 
reduced nickel causes intumescence, and this is 
apparently due to occluded hydrogen in the metal, 
because when displaced by a stream of nitrogen gas 
no reaction is observed below 180°. At higher 
temperatures no intumescence is observed if the 
acetylene current be sufficiently slow, and the 
products are hydrogen, ethane, ethylene and liquid 
hydrocarbons containing benzene with higher olefines. 
A, rapid stream of gas gives rise to intumescence, and 
the issuing gas is made up of hydrogen 51*4 per 
cent., ethane 36*3 per cent., ethylene 2 per cent., 
benzene and homologues 10*3 per cent. ; at the same 
time a liquid condenses which contains unsaturated 
hydrocarbons. 

Finely divided platinum induces no effect with 
acetylene at ordinary temperatures, but above 150° 
intumescence is observed, and the gas is partly de- 
composed into carbon, ethylene, benzene, ethane, and 
hydrogen, the last three in small quantity. 

Cobalt free from nickel has no action upon acety- 
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lene at oi’dinary temperatui’es^ but above 200*^ the 
gas is almost completely decomposed into hydrogen^ 
ethane and carbon while small quantities of benzeiiG 
and its homologues are formed. 

Iron behaves similarly but much less ethane results, 
while olefines and benzene accompany the gases. 

Ethylene is not affected by finely divided platinum 
or copper below 400°, but cobalt above 300°, partly 
decomposes the gas into ethane, methane, hydrogen 
and carbon, no acetylene being formed. Iron above 
350° has less action, but decomposes some of the gas 
into ethane, hydrogen and caibon. 

The following are some of the results obtained by 
reducing aromatic substances in this manner : 

Benzene and its homologues are reduced by hydro- 
gen in the presence of nickel at 180-200° yielding 
the corresponding cyclohexanes. If the side-chafa 
be long, then a certain amount of disruption accom- 
panies the reduction, and lower homologues are pro- 
duced as well as the normal cyclohexane. At a 
higher temperature, decomposition of the reduced 
products may occur; cyclohexane itself, for example, 
is decomposed if the temperature is 300°, into methane 
and carbon. The hydrogenation of benzene seems 
peculiar to nickel, since cobalt and platinum black 
have only a transitory effect, while spongy platinum, 
iron and copper are quite inert. 

Limonene, sylvestrene and terpinene are all re- 
duced to l-methyl-4-isopropyl-cyclohexane by this 
method, naphthalene gives tetrahydro-naphthalene, 
and acenaphthene behaves similarly. 

Nitrobenzene, o- and m-nitrotoluene, are all re- 
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duced to the corresponding amino-compounds in the 
presence of copper at 300*^-400° and the reducing 
action of platinum black is similar. Reduced nickel 
acts more vigorously and reduction takes place 
normally at 200°^ but at 250^ the products obtained 
from nitrobenzene are benzene, cyclohexane and 
ammonia, as well as aniline, while at 300^^ benzene 
is the chief product. 

Reduced iron and cobalt act in a similar manner 
to nickel when heated to 450°— 500°. 

Reduced copper does not effect hydrogenation in 
hydrocarbons unless at least one unsubstituted (:CH 2 ) 
group is present ; styrene is reduced to ethyl benzene, 
and limonene Passes to 0;^QHjg, but limonene 

becomes still further reduced by nickel to liexahydro- 
cymene C^oHao. 

Hydrogen in the presence of reduced nickel con- 
verts phenol into cyclohexanol and cyclohexane. 
Poly-phenols are affected similarly, while aniline and 
its homologues become reduced to cyclbhexylamines ; 
quinones are reduced to quinols and nitriles to amines. 

The catalyst remains active in continual use, often 
for a month, but is poisoned by halogens or sulphur 
and also by the decomposition of carbonaceous matter 
when working at too high a temperature. 

The following reactions ai'e also important : 

Carbon monoxide (1 voL) and hydrogen (3 vols.) 
react in the presence of nickel at 250° to form 
methane and steam, CO + 3 H 2 = + HgO. 

Carbon dioxide is also reduced at a higher tempera- 
ture, CO 2 + 4 H 3 = OH 4 , + 2 H 2 O. 

Hydrocarbons of the ethylene series up to a carbon 
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content of Cg, are reduced to the corresponding 
paraffins ; below 160^ the product is practically pure^ 
but above 200° partial decomposition takes place 
and hydrocarbons of lower molecular weight result. 

The liquid product obtained from acetylene and 
hydrogen at temperatures not above 200° is fluor- 
escent, not attacked appreciably by a mixture of 
sulphuric and nitric acids, and presents the character- 
istics of American petroleum. Acetylene alone, yields 
a green-coloured liquid which resembles Eussian 
petroleum. 

Dehydrogenation takes place when the vapour of 
primary alcohols is passedoverreduced copper at 250°— 
300° and aldehydes result, while secondary alcohols 
are converted by the same method into ketones. 

Nickel and cobalt effect the same changes, but in 
too vigorous a manner generally. 

Tertiary alcohols are decomposed into olefines and 
water by the agency of reduced nickel and copper. 

For the catalytic reduction of aldehydes, nickel 
reduced at as low a temperature as possible is most 
ejBfioient ; a quantitative yield of alcohol from acetal- 
dehyde is obtained at 140°, while the optimum tem- 
perature for reducing formaldehyde is 90° and for 
propaldehyde 102°~140° 

Eeduced cobalt, platinum sponge, and copper are 
not suitable for aldehyde reduction. 

The reduction of oleic acid to stearic acid by this 
method is of technical importance and is one example 
of the reduction of unsaturated aliphatic acids to the 
corresponding saturated acids. 

Iron, nickel, zinc or lead may be used, according 
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to the Grerman Patent 185932^ for reducing formic 
acid to formaldehyde by hydrogen at 300'^. 

Sabatier and Maihle have studied the catalytic 
action of vaiuous metallic oxides upon the vapours of 
certain organic compounds. They find that alcohols 
are oxidised to aldehydes by manganous oxide and 
that they are dehydrated by alumina^ thoria or the 
blue oxide of tungsten^, with the formation of olefines 
and ethers. These changes are explained in the 
case of thoria by the following equations : 

ThO, + 2CnII,n+i.OH - ThO(OCnH,u+l )2 + HaO 

Below 300° ThO(OCnH2n4-i)a - ThO^ + (CuH^u+OaO 
Above 300° TliOCOCnHan+i)^ = ThO., + H^O + 2CnH2n. 

The results obtained by passing the vapour of 
primary alcohols over various heated metallic oxides 
have been summarised^ and the oxides used have been 
■^ir ranged in four classes as follows 

(1) The oxidation is limited to the formation of 
aldehyde and water , the metallic oxide used has no 
effect upon the aldehyde and the metal or lower 
oxide which results has no catalytic power. To this 
class belong Sb 203 and Bi^Oa- 

(2) The aldehyde formed may be partly oxidised 
either to the corresponding acid^ or with the forma- 
tion of carbon dioxide and water. Mercuric oxide 
at 150^ oxidises alcohol to acetaldehyde with the 
simultaneous formation of carbon dioxide^ but no 
acetic acid is produced. 

Manganese dioxide at 200^ oxidises alcohol to 
aldehyde and is itself reduced to Mn 203 ; at 250° the 
Mn 203 brings about further oxidation and the pro- 
ducts are acetaldehyde, carbon dioxide, and acetic acid. 

7 
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(3) The oxides catalytically dehydrate the alcohol, 
and ethylene is the chief result. To this class belong 
FcaOg; AI 2 O 3 , and Th 02 . 

(4) The largest class consists of those oxides which 
are reduced to the metal, or a lower oxide, capable of 
producing a catalytic effect which is superposed upon 
the initial oxidation. The oxides of nickel and cobalt, 
of lead (Pb 02 j PbaO^, PbO), of copper (CuO, CU 2 O), 
at 350° belong to this class ; the reduced metals in 
these cases have a dehydrogenating effect upon the 
alcohol, and aldehyde results. 

Mn 203 is reduced at 350° to pale green MnO, 
which converts the alcohol to aldehyde by dehydro- 
genation. 

Tungstic oxide at 350° is reduced to a blue oxide 
which has a dehydrating effect and ethylene results 
as well as aldehyde and acetic acid. 

The oxides XJO3 and V 2 O 5 are reduced to UO 2 and 
V 2 O 3 respectively, aldehyde and carbon dioxide 
resulting. The further action of UO 2 or V 2 O 3 gives 
aldehyde, hydrogen, ethylene and water. 

Mixed ethers result when alcohols and phenols are 
used with thoria at 390°— 420° and esterification takes 
place when alcohol and acid interact at 350°~400°. 
Esterification^^ is more complete in the presence of 
titanic oxide at 280°— 300°. One molecule of acid is 
used with twelve molecules of alcohol, and in this way 
methyl, ethyl, propyl, butyl, and benzyl esters have 
been prepared from acetic, propionic and butyric acids. 

In the case of formic acid it is necessary to work 
at 150° with titanium oxide and at 200° with thoria 
to avoid decomposition of the acid. 
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Hydrolysis is effectod under similar conditions if 
tlie ester and excess of steam are passed over these 
catalysts. 

Olefines are obtained by passing the vapour of 
paraffin monohalides over reduced nickel or copper, 
heated to 250 '^; the resulting products are the olefine 
and the haloid acid, which are prevented from recom- 
bining by passing them thi’ough potash. The chlorine 
derivatives decompose thus below 260 ^, but a higher 
temperatui’e is required for bronio- and iodo-com- 
pounds.^^ The bivalent chlorides of nickel, cobalt, 
cadmium, iron, lead and barium produce the same 
effect at 300 °; barium chloride is the most efficient 
catalyst. Chlorides of univalent metals are not able 
to bring about this change, and the following equations 
possibly represent the reactioia in the case of the 
bivalent chlorides : 


(1) MCI, + « MCLCnlionCl + HOI. 

(2) MOLCnHonOl = CJIon + MCL. 

The reduction of nitinlos by hydrogen in the 
presence of reduced nickel or copper usually gives 
primary, secondary and tertiary aminos together with 
ammonia, and the changes are probably represented 
by the following equations 

(!) B.CN + 2 H 2 = B.CILNHa 

( 2 ) 2E.CH2NH2 - (B.CH,),^!! -I- 

( 3 ) 3E.CH2NH2 « (E.CH,) 3 ]Sr + 2NHy. 


Aldoxinies are reduced to amines by hydrogen at 
180 — 220 ° in the presence of reduced nickel or copper; 
with benzaldoxime, however, the chief product is 
benzaldehyde when copper is used, and toluene when 
nickel is used.^^ .. . . ; 1 
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Primary alcoliols are converted into primary^ secoO"" 
dary and tertiary amines^ by ammonia^ in tlie present'* ' 
of heated tungstic oxide or thoria. 

A mixture of reduced nickel and alumina may 
used to effect I'eduction by liydrogen and the simul*" 
taneous fission of water ; thus fenchenol is convertu*^ 
by this method into fenchane and borneol is tranH" 
formed into iso-camphane 

CioHjyOH CjoHjo •-> CioHis. 

Platinum is not only suitable for accelerating redno- 
tion processes^ but is also an excellent catalyst wheii 
oxidation is effected by air or oxygen. Formalde- 
hyde was first prepared by passing the vapour of 
methyl alcohol and air over a heated platinuiu 
spiral.^^ 

Later, copper gauze was found equally effective)^ 
and formaldehyde is now manufactured by passing* 
the vapour of wood spirit mixed with air^ over finely 
divided platinum or copper distributed over an 
earthenware surface. The following processes for 
manufacturing ammonia and nitrates or nitritcB 
(substances essential for the synthesis of the highly 
complex plant and animal bodies), depend largely 
upon the use of platinum as a catalytic agent. 

Ammonia is formed when nitric oxide and hydro- 
gen are mixed and passed over platinum sponge at 
80°. The hydrogen used may be that present in 
Dowson-gas or water-gas and the reaction involved 
is indicated by the following equation 
2NO + 5Ho - 2 NH 3 + mfi. 

If ammonia and air be passed over red-hot finely 
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divided platiuiim (or one of tlie platinum metals), 
nitric acid is formed, and nitrons acid is produced 
ill the same way if ferric oxide at 700^ be substituted 
for platinnm.^^ 

Ammonia is now made by the Badischo Anilin 
xiiid Sodafabrik, by passing nitrogen and hydrogen 
over heated platinum at a temperature of 80”, under 
ix pressure of about thirty atmospheres. Otlier 
catalysts used in the process are manganese;, uranium 
and osmium. 

Keten has been prepared from acetic anhydride, 
Tby exposing the vapour of tlie anhydride to tho 
<le1iydratiiig influence of a white-hot platimim 
wire 

CH3.CO 

No - 2CH2:C0 + n,o. 

CID^.C'O 

Platinum and palladium in colloidal solution are 
msod for effecting tho hydrogmation of substances in 
aqueous or alcoholic solution. Hydrogen is passed 
through the solutions and it is often advantageous to 
work under slightly increased pressure ; the colloidal 
metals are obtained from pnlladious chlorido or pot- 
assium platiuichloride, in tho presence of gomarabic. 

By this method unsaturated aldehydes and kotoncB 
are converted into the corresponding saturated com- 
pounds, while benzene, toluene and benzoic acid may 
Be converted into cyclohexane, methyl-cyclohexane 
and cyclo-hexane-carboxylic acid rr3spectivoly.^^ 

The reduction of nitro-compounds in solution by 
spongy copper depends upon tho precipitation of the 
copper from copper sulphate solution by sodium 
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hypophosphite and the simultaneous decomposition of 
water, with evolution of hydrogen.^^ 

The nitro-compound is usually dissolved in alcohol, 
spongy copper added, and an aqueous solution of 
hypophosphite is gradually run into the mixture. 

The presence of halogen or hydroxyl groups in the 
nitro-compoxind is no disadvantage and good yields 
are obtained. 
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PEACTICAL WOEK : SODIUM. POTASSIUM 

Ethyl Benzene from brom-benzene and ethyl bromide. 

[Ann., 1864, 131, 304. Ann., 1869, 149, 342.] 

The brom-benzene (60 gms.) and ethyl broiriido 
(50 gms.) are mixed in a 1-litre flask fitted with a ^ 
reflux condenser, and double the volume of dry 
ether added. 

The sodium (18 gms.), in small pieces, or in the 
form of wire, is added gradually, and a few drops 
of acetic ethyl ester may be added to accelerate the 
reaction. 

When all the sodium has been added the mixture 
should stand for four or five hours (preferably over- 
night), and then be boiled on the water-bath for half 
an hour. After cooling, the liquid is decanted from 
the sodium bromide and the residue washed twice 
with dry ether. The washings are added to the 
original liquid, and after distilling ofl the ether the 
residual oil is fractionated. That fraction is collected 
which distils between 132°-135°, Yield, about 
20 gms. 



PRACTICAL WORK : SODIUM. POTASSIUM 105 


Anisole from sodium j^lienate and methyl iodide. 

[Ann., 1851, 78, 226.] 

Sodium (5 gnis.) in small pieces is dissolved in 
methyl alcohol (lOO c.cni.) contained in a |-litre 
flask fitted with a reflux condenser. When the 
sodium has all dissolved, phenol (20 gms.) and 
methyl iodide (40 gms.) are added, and the mixture 
heated on the watei’-bath until it gives no alkaline 
reaction (about three hours). 

The alcohol is then distilled off and water added 
to the residue to precipitate the anisole, which is 
extracted with ether. After drying the ethereal 
exti^act over calcium chloride, the ether is distilled 
off and the residual oil fractionated, that fraction 
being collected which boils between 1 50^^-155°. Yield, 
^ about 16 gms. of a colourless oil with agceable 
odour, b.p. 154°. 


Benzoic Anitydhide from sodium benzoate and benzoyl 
chloride. 

Benzoyl chloride (10 gms.) is added to powdered 
sodium benzoate (10 gms.) in a small retort and tho 
mixture is heated strongly. The distillate, which is 
collected in a receiver, solidifies and may be recrystaB 
lised from benzene, and tho odour of benzoyl chloride 
may be romoved from tho crystals of benzoic an- 
hydride by placing them in a desiccator over solid 
potassium hydroxide for a few hours. 

Yield, about 12 gms. Rhombic prisms; m.p. 
42°, b.p. 360° 
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Hexamethylene from the dibromide. 

[Trans., 1894, 65, 599.] 

The preparation of hexamethylene dibromide from 
tt)w^-cliloro-brom-propane^ which is itself prepared from 
allyl chloride^ is as follows : 

Allyl alcohol may be converted into allyl chloride 
by heating with cone, hydrochloric acid in a sealed 
tube at 100° for several hours. 

Allyl chloride is then converted to chloro-brom- 
propane by heating in a sealed tube with a slight 
excess of cone, hydrogeti bromide solution at 100° 
for seven to eight hours. The mixture is then 
washed^ dried and fractionated. 

The boiling point of the product is 140°-142°. 

Chloro-brom-propane (1 mol.) is next dissolved in. 
a little methyl alcohol^ and the calculated amount of 
sodium (1 atom in twelve times its weight of methyl 
alcohol) is added in three portions^ the inixture being 
boiled after each addition. 

As soon as the vigorous action ceases the product 
is cooled and mixed with twice its volume of water^ 
the oily layer extracted with ether and the ethereal 
solution washed with water to remove alcohol. After 
drying the extract over calcium chloride it is distilled 
with a fractionating column : the portion boiling at 
115°-118° is chlor-methoxy-propane; yield 50~60 per 
cent. 

Ghlor-methoxy-propane (20 grns.) is next dissolved 
in 60 c.c, of light petroleum (b.p. b0°-60°) and 
heated to boiling under a long reflux condenser. 
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The flame is removed, and small pieces of potassium 
added gradually, the very violent action after each 
addition being allowed to subside before adding 
another piece. The mixture soon thickens owing to 
the separation of potassium chloride, and when the 
metal is no longer acted upon the whole is boiled for 
half an hour, any unchanged metal being removed 
by alcohol. 

The product is then poured into water, the oily 
layer separated and dried over calcium chloride 
before fractionating. Most of the liquid distils 
between 100^—150^ and is unchanged chlor-mefchoxy- 
propane, while the liquid boiling above 150° is chiefly 
di-methoxy-hexane, which is next digested under a 
reflux condenser for three hours with fuming hydro- 
bromic acid. The dai’k-coloured product is poured 
into water, the oily layer extracted with ether, and 
after removing the ether from the dried extract, the 
residue is heated in a sealed tube with hydrobromic 
acid for two hours at 150°— 160°. The product is 
poured into water, extracted with ether, and the 
dark-coloured hexamethylene dibromide fractionated 
under reduced pressure (20 mm.). That portion is 
collected which boils between 125° and 140°. 

The heavy colourless dibromide (30 gms.) is now 
mixed with me/Ja-xylene (30 gms.), and added through 
a funnel drop by drop to a mixture of sodium 
(15 gms.) in small pieces, and 70 c.c. of m-xylene. 
The reaction is vigorous, and if a condenser be fitted 
to the side-tube of the I’eaction-flask, the resulting 
hexamethylene distils over between 70° and 100°; 
this may be refractionated over sodium and that part 
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collected wliich distils at 77'^-80'^. Yield about 
10 g*ms. 


Trimethylene DiCAiiuoxYLtc Acid. 

[Bor,, 1884., 17, 54.] 

Di-sodium malouic ester is prepared by dissolving 
sodium (13*5 gms.) in alcohol (150 gms.) and 
adding malonic ester (45 gms.) gradually. Ethylene 
dibromide (54 gms.) is then slowly added^ and the 
solid mass which forms is then heated under a reflux 
condenser to 100^ for twenty hours ; the mass becomes 
liquid soon after heatings and at the end of this 
time should be no longer alkaline to litmus. The 
excess of alcohol is next distilled over and the 
residue mixed with water to dissolve sodium bromide, r 
after which it is extracted with ether and the 
extract dried over calcium chloride. The dried 
extract is now freed from ether by distillation, and 
the residual yellow-coloured oil fractionally distilled 
in a flask with a long neck and the fraction collected 
which distils between 195^-225^. This fraction 
should again be distilled and the portion boiling at 
203°~210° collected. 

To separate malonic ester still present and which 
amounts to 15 to 20 per cent, it must be converted 
into the higher boiling derivative, benzyl-malonic 
ester. For this purpose half a gram of sodium in 
alcohol is added to every 20 gms. of the oil collected, 
and to this mixture 2'5 gms. of benzyl chloride is 
added and the whole heated until neutral. 

Water is then added and the esters extracted with 
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etliev^ and after removing the ether the remaining 
oil is fractionated. Benzyl-maloiiic ester boils at 
300"^^ so that the trimotliylene ester may be separated 
by collecting the distillate which passes over at 206'^— 
210 ^ 

The ester is hydrolysed by boiling with alcoholic 
potash for three lionrs^ and after boiling off all 
alcohol the residue is dissolved in water, and joii 
acidifying with sulphmnc acid the trimethylene di- 
carboxylic acid is extracted with ether. Crystalline 
solid, m.p. 140°. By heating to 200° carbon dioxide 
is evolved and the mono-carboxylic acid results, 
which is a liquid, b.p. 188°—190°* 

Ohlopoformic Ester. 

^ [Bor., 1885, 18, 1177.] 

Liquid carbonyl chloxnde is placed in a flask which 
is immersed in a freezing mixture. The flask is fitted 
with a reflux condenser through which a stream of 
ice-cold water circulates. The upper end of the 
condenser is closed by a cork through which passes 
a calcium chloride tube, and into which is fixed a 
dropping funnel. The calculated quantity of methyl 
alcohol is slowly added from the dropping funnel ; a 
vigorous reaction follows the fall of each drop and 
hydrogen chloride is evolved and passes out through 
the calcium chloiude tube. When the addition of 
alcohol produces no further action the ester is poured 
into watei', washed with soda carb. solution, separated 
and dried over calcium chloride; b.p. 70°. 


Il(i 


'YMIIKII': l.i^: 111 .Mi.iAi,;. 


('..\uiHiNvi. {.'iil.iiiiun:. 

: iwt;i, 36, a««i. : 

Kui' (hi, -I jiiirjiii.iu }<ti!|»liiu‘ (i‘iti\i(!i> i , iiJimVi’d (n sirl. 
u[Km farlnm trl nu-hlurali', CIU, i ^ (XH'l., 

* it 

I’liti jiyrtwtiiplHiryl rlihirido fumtitHl rniirirt witlt 
IIh' Hulplitirit* itritl jinwni thun: -f U„8()| 

Hi\ d- 2aiS(M)l{. 

TIhi riirlKiU tid^mcfiluridi^ ('4^ i.h tKiilinl tin 

tiiii undt^r a ndlux (|iridVridiIy 

iHw thraa at four Indhn (jii i\w iiititn* ftilM’}, 

with a Hidi?«t,tdHi iid.i» iha l«*ji jiiiri itiid it, 

funuid liif.t^d iti i^iid, I lin.»ugli wlitalt 

IHI {\i\ fiiiiiiiig MtdjdHtric arid (HI pvr rant. HIKJ in^ 
droj>|HHl idciwly, Hia vajuntra wfdrii iiHtHUid fliit 
rimdcniHin* jiiiHH tnti ilirtnigh Ilia !dda44d)a and itrn 
wiiBhad by {iiiHning thrnngli auiu*, mdfdtnria ludd 
(wall arndad) ; thay tiunt jman intr^ u rt*rtdvar hninatT-iHl 
in a frtH»'/4ng* nuKiurn whara ilta aarbanyl ahtnrida 
c’tilliiati'i. Wiialiinn ilinnigh at*iu\ Hidfdniria arid 
Haiwan la rraiiavti H(l| ntnl ritan lln^ vajiattrH, 

Whan all tha finning anljduiria arid hii« haait 
lalilail tlia flaalc may ha warmad I4r Uvv. iiiiiinf.aii 
civar tha llama in driva ant all tiCIt'h,. Waiglit tif 
anida jircitliiati in 2n-*i0 gma. Thin may ha jiiirifiad 
hy ,radi«iillttig tlirmig!i anna, miljdmrir naitt, tlia 
wnrmtlt af ilia hand haing Hiiffiriani U* jiriiilnafi 
Iniilingi tap. -I- 8^1 
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Methyl Benzoate. 

[Ann., Suppl. 7, 125.] 

Brom-benzeno (30 gms.) and chloroformic ester 
(20 gms.) are mixed witb 1 per cent, sodium amalgam 
(1200 gms.) and boated for several days at llO"^ 
under a reflux condenser. The mercury is then 
poured off^ the residue extracted with ether and 
the extract fi'actionally distilled. 

B. p. of methyl benzoate is 199°. 

Toluio Ethyl Ester. 

This may be prepared in the same manner as 
methyl benzoate, using brom-toluene (34 gms.), 
chloroformic ethyl ester (20 gms.), and 1 per cent, 
.podium amalgam (1500 gms). 

Acetoacetic Bstee. 

[Ann., 1877, 186, 161.] 

Acetic ester (200 gms.) is placed in a round flask 
and sodium in thin slices (20 gms.) is quickly added. 
After this a reflux condenser is fitted to the flask, and 
if the reaction becomes too vigorous the latter must 
be immersed in cold water. When the reaction 
subsides the mixture is boiled on the water-bath 
until no sodium remains, and after cooling, the mixture 
is made acid by adding 50 per cent, acetic acid 
(about 100 c.c.) ; an equal volume of saturated brine 
is then added to salt out any acetic ester, which 
collects at the top with acetoacetic ester. This layer 
is placed in a distilling flask and distilled over wire 
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gauze until tlie temperatui’e reaches 100^, to remove 
all acetic ester. The remaining liquid is distilled 
under reduced pressure to avoid decomposition of 
the acetoacetic ester. 

The boiling points under various pressures are as 
follows : 

88° at 29 mm. . . 97*^ at 59 mm, 

94° „ 45 ,, . . 100° ,, 80 „ 

The yield is about 35 gms.^ b.p. 181° 


Ethyl Acetoacetic Ethyl Ester. 

[Ann., 1878, 192, 163.] 

Aceto-acetic ester (32 gins.) is added to a solution 
of sodium (5'5 gms.) in alcohol (70 gras.), and to this 
mixture is gradually added ethyl iodide (40 gras.). 
The mixture is then heated on the water-bath till it<-» 
gives no alkaline reaction with litmus (about 2| 
hours). Most of the alcohol is then distilled off, the 
residue is mixed with water to dissolve the sodium 
iodide and then extracted with ether. After drying 
the ethereal extract over calcium chloride, the ether 
is distilled off and the remaining oil fractionally 
distilled. Yield about 25 gms., b.p. 198°. 

The yield may be improved by distilling under 
reduced pressure. B. p. at 140 mm. pressure is 140°, 
at 100 mm. 127° at 40 mm. 106°. 

Acid hydrolysis of the ester by concentrated potash. 

[Ann., 1877, 190, 276.] 

The ester (20 gms.) is boiled with 22 per cent, 
alcoholic potash (made by dissolving 20 gms. of 
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potash in 90 c.c. of alcohol) for four hours under a 
reflux condenser. When cool^ it is extracted with 
ether to remove any ketone formed^ and then again 
extracted after acidifying with sulphuric acid^, to 
remove butyric acid. After drying the exti'act over 
calcium chloride the ether is distilled off. 

Yield of butyric acid about 8 gms.^ b.p. 163°. 

Ketonic hydrolysis of the ester by dilute sulphuric 

acid. 

OH.CO.CI-I.COOC^Hr, + H3O = CH3CO.CH2.CaH5 + CO2 + C2H5OII. 

in, 

The ester (20 gms.) is boiled with 200 c.c. of dilute 
sulphuric acid (1 part acid to 2 parts water) for 
three hours under a reflux condenser. The cooled 
^mixture is then extracted with ethex% and after drying 
the extract over calcium chloride^ the ether is distilled 
off and the remaining oil fractionally distilled. Yield 
about 10 gms. B.p. of propyl-methyl-ketone is 102°. 

Acuto-succinic Ethyl Ester. 

A mixture of aceto-acetic ester (33 gms.) with 
sodium (5 gms.) dissolved in alcohol (70 gms.) is 
treated with mono-chlor-acetic ester (32 gms.) which 
is added gradually. The mixtui’o is then boiled on 
the water-bath until no alkaline reaction is shown 
(about two hours); after which it is treated with 
water to dissolve sodium chloride, exti^acted with 
ether, and the ethereal extract dried over calcium 
chloride and distilled. Yield 12—15 gms. of a pale 
yellow oil, b.p. 256°. 

ft 
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M A LON 10 HhTHIL 
1 Ann., IHHC), 204, 12(K | 

In tluB prc^iarution chloi’-acoiit? acid in couvtn'tocl 
into poi.aHsiuin cyanacoiaio, which in Hunt hydrolynotl 
a-iul (‘Hierifiod in one* operation : 

C!U,(U,(X)OK f K('N (U4((m),n(>OK: f KOI 
<’nd<-N).00Ul{ f f 0H,((!Ut>(*^irj, 

f KHKO, + (NUdllBOf 

Chloracotio a(*id (40 gnm.) mixed witli \vat(n* (80 
(\c.) in heated to while potanH. carb. (82 grtiH.) 

m added until the ]i((uid in neutral and ivnerveHcence 
coanoH. Powderc'd potaBHium cyatiidt^ (82 in 

now add(‘d a,nd the whole W(^ll ntirrecL Aftc*r tlu^ 
firnt reaction is over ilie tnaBH in oarefidly luuited till 
tlie temperaiure rc^achoH and tlum allowed to 
cool, 1410 Holid in then broken up^ and the cyan- 
acetat(i prcHiuit in HimultuiuHniHly hydrolyned and 
eHterihed by iirat mixing with 16 c.c. of alcohol, and 
ilien adding a mixture of alcohol (65 (m*.) and cone. 
Hulphuric acid (65 e.c.) gradually, during ton minutoH, 
1^’he flank m then heaknl on the Wrtien*«bath one 
hour under a reflux (H)ndunHar, after wliich the coo! 
mixture in treated with 80 c.c, of water, liltered 
from inBolublo matter, and the filtrate extracted 
Hoveral timoH witli ether. 14ie otliereal oxtriicfc in 
washed with sodium carbouate sohitien and then 
dried over calcium ehloridcu After distilling off the 
other, the roniaining ester is distilled under reduced 
pressure. B.p. at ordinary pressiire is 165^1 lip. 
at 80 mm. is 12?” at CIO mm. 120” at 80 mm. 108”. 
Colourless licpiid. Yield, 85-4^0 gms. 
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Mono-ethyl Malonic Ester. 

Malonic etliyl ester (20 gms.) is added gradually to 
a solution of sodium (3 gms.) in ethyl alcohol (40 c.c.). 
The solid sodium salt separates out, and when all the 
malonic ester has been added the solid mass is mixed 
with ethyl iodide (25 gms.), which is added gradually 
and which causes the mass to become liquid. The 
mixture is ‘then heated on a water-bath for one and a 
half hours, by which time sodium iodide has separated 
out and no alkaline reaction is obtained. 

The alcohol is next distilled off, water added, and 
the mixture extracted with ether. After drying the 
extract over calcium chloride, the ether is removed 
and that portion of the remaining oil collected which 
distils at 206°— 208°. Yield, 10—15 gms. 


Hydrolysis and Conversion to Butyric Acid, 

The ethyl malonic ester (10 gms.) is hydrolysed 
by boiling for an hour on the water-bath with strong 
aqueous potash containing 15 gms. of potash. The 
product is treated with moderately strong hydro- 
chloric acid till neutraly and the acid is then pre- 
cipitated as the calcium salt by adding a concentrated 
solution of calcium chloride. The salt is filtered and 
decomposed by strong hydrochloric acid and the free 
ethyl malonic acid extracted with ether. The ether 
extx’act deposits crystals on evaporation, and these 
may be recrystallised from a small quantity of boiling 
water. Colourless prisms, m.p. 111'5°. Yield, about 
5 gms. 
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If some of the acid be heated over a small flame^ 
carbon dioxide is liberated and butyric acid remains. 
/COOH 

C,H5.CH< = C3I-I..COOH + CO2 

\COOH 

Diaoeto-succinic Ester. 

[Ann., 1880, 201, 142.] 

Solid sodium acetoacetic ester is first prepared 
by dissolving 5 gms. of sodium in 40 gms. of alcohol, 
and after adding an equal volume of dry ether, 
acetoacetic ester (28 gms.) diluted with its own 
volume of ether, is gradually added with shaking. 

To the mixture 1 c.c, of water is then added and 
the whole well stirred ; this causes the sodium com- 
pound to separate, and it is filtered and drained on 
the pump. Yield, 20-25 gms. 

The sodium compound is mixed into a thin paste 
with ether, and an ethereal solution of iodine then 
added till no more sodium iodide precipitates. The 
mixture is allowed to stand some hours and then 
filtered. The ethereal solution is shaken with 
mercury to remove iodine, after which it is crystallised 
from dilute alcohol or 50 per cent, acetic acid. White 
crystals, m.p. 78°. Yield, 10 gms. 

Ethane Tetba-oarboxylic Ester. 

[Ber., 1884, 17, 2781,] 

Sodium (2*3 gms.) is dissolved in alcohol (30 gms.), 
and to the cold solution is added malonic ethyl ester 
(16 gms.). To the clear mixture, ether is added till 
a turbidity appears, and then iodine (12’7 gms.), 
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dissolved in etlier, is added gradually with shaking. 
After standing a short time^ water is added to dissolve 
sodium iodide, and the separated ethereal layer shaken 
with thiosulphate solution to decolorise it. After 
separating and drying over calcium chloride, the ether 
is removed and the remaining oil solidifies on cooling. 
Colourless prisms, m.p. 76°. Yield, about 8 gms. 

Acetyl Acetoacbtic Ester. 

[Ber., 1884, 17, Eef. 604.] 

Dry sodium acetoacetic ester (20 gms.), which is 
prepared according to the method given under di- 
aceto-succinic ester, is dissolved in ether, and acetyl- 
chloride (12 gins.) is added slowly. A vigorous 
reaction takes place, which may be completed by 
warming, after which a little water is added to 
dissolve sodium chloride, and the ethereal layer 
separated. After removal of the ether the remaining 
oil is distilled under reduced pressure. B.p. at 50 mm. 
is 122-124°. Yield, about 20 gms. 

ANriPYRINE. 

[Ann., 1887, 238, 147, 160.] 

[Ber., 1883, 16, 2597.] 

[B.R.P. 26429.] 

Phenyl hydrazine (10 gms.) is added to accto- 
acetic ethyl ester (12'5 gms.) and well shaken ; much 
heat is evolved, and when the reaction is over the 
oily product is separated from the water formed, and 
heated on the water-bath till a sample poui^ed into 
water becomes solid (2 hours) . The whole is poured 
while still warm into ether, the white precipitate 
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collected^ well washed with ether^ and tlion dried 
recrystallised from alcohol. 

The phenyl-methyl-pyrazolon is then methyl: 
by heating with the calculated amount of me 
iodide in methyl alcohol at 100°— 150°, in a sealed i 
for one or two hours. The hydriodide of antipy 
present in the contents, is decomposed by aqiu 
potash, and the antipyrine obtained is then crys 
Used from toluene or ether. M.p. 114°. Yi 
about 10 gms. 

Mono-methyl Succinic Estee. 

[Trans., 1899, 75, 839.] 

/3-Methyl-cyano-succinic ester is first prepared 
mixing cyan-acetic ester (28*5 gms.) with 5*7 gms 
sodium dissolved in 70 gms. of alcohol, and t 
adding very carefully to the thick paste, 42 gms 
a-brom-propionic ester. The sodium compo 
dissolves with evolution of heat, and sodium bron 
separates. After an hour on the water-bath, 
neutral liquid is cooled and poured into water, s 
the oil which separates is extracted with ether. \ 
ether extract is washed with dilute sodium carbor 
solution and then with water, and after drying o 
calcium chloride the ether is distilled off ; the 
maining yellow oil is fractionated under 24 r 
pressure. The greater portion distilling betw 
140°-1 65° is collected and refractionated under 17n 
pressure, and that part collected which passes ovei 
160°-165°. Yield, 60 per cent. 

The cyano-succinic ester thus obtained, is hyd 
lysed by boiling with six times its volume of co 
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]]ydrocliloric acid under a reflux condenser for five 
hours. Any acid which, separates on cooling is 
filtered; the liquid is made alkaline with ammonia, 
and boiled with 25 per cent, calcium chloride to pre- 
cipitate the calcium salt of the acid, which is filtered 
and treated with hydrochloxuc acid to separate the 
methyl succinic acid. 


SuCCINO-SUCCINIC BsTEB. fJ-DiKETO-HEXAMETHYLKKR. 

[Ann., 1882, 211, 308.] 

[Ann., 1885, 229, 45.] 

[Ber., 1889, 22, 2168.] 

Sodium (10 gms.), cut into small pieces, is added 
to succinic ester (88 gms.) containing two or three 
drops of alcohol. The mixture soon becomes semi- 
solid, and is allowed to stand for ton days with 
occasional shaking. 

At the end of this time the mass is broken up, 
acidified with dilute hydrochloric acid, and the in- 
soluble ester is then filtered and recrystallised from 
alcohol. Colourless crystals, m.p. 126°. Yield, about 
20 gms. N.B. — A smaller quantity can be obtained 
in less time if a little ether be added to the mass, and 
the mixture be heated on the water-bafch for about 
twenty hours, during three days. 

To obtain p-dikoto-hexamethyleiie, the ester is 
hydrolysed with sodium hydroxide, and the acid 
(succino-siiccinic) precipitated by acidifying. This 
acid is then lieated to 200"^, whon it loses carbon 
dioxide and the diketo-body I'emaius; m.p. 78^\ 

Another metliod is to hydrolyse the ester witli con- 
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centrated sulphuric acid^ when it loses carbon dioxide 
and passes directly to j^-diketo-hexametliylene. 

Tin Tetraphenyl. 

[Ber., 1889, 22, 2917.] 

Twenty-five gms. of tin-sodium alloy (25 per cent, 
sodium) is prepared by adding sodium in small 
pieces to strongly heated molten tin^ in an iron 
crucible. The alloy when cold is broken up into 
small pieces and mixed with 30 gms. of brornbenzeiio 
in a flask; and 1 to 2 gms. of acetic ester added. 
The mixture is then boiled under a reflux condenser 
in an oil-bath for ten hours. The brown semi-solid 
mass is next extracted with benzene and the extract 
crystallised. Colourless prisms; m.p. 226°. Yield, 
10-15 gms. 


Lead Teteaphenyl. 

[Ber., 1887, 20, 716.] 

This is prepared in the same manner as tin tetra- 
phenyl, using 25 gms. of powdered lead-sodium 
(8 per cent, sodium) and the same quantity of brom- 
benzene. The mixture should be boiled for fifteen 
hours and then extracted with benzene. Pale yellow 
needles ; m.p. 224°. Yield, about 18 gms. 

Mercury Diphenyl. 

[Ann., 1870, 15^, 93.] 

Brombenzene (31*5 gms.) is dissolved in an equal 
volume of xylene, and heated with 400 gms. of sodium 
amalgam (2 per cent, sodium) at 160° in an oil-bath. 
A small amount of acetic ester (about 1 gm.) 
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a,cceIoriitoB tlu5 rua,cliou and boiling i.s coiiLiimcHl 
during* four lioiu-B, The clea.r liquid ih tliun :(lltoro<l 
liol), aiul tlio crysiallino Bubsia/uco wliioli Hopara/tos 
from ilio ^cyloiio ou cooling is rocrystalliycd from 
l)onzone. 

OolourloHw needles; m.p. I2(y\ Yield about Ibgms, 
Silicon ’'rMTiJArnMNYi,. 

[iLn*., 1885, 18, 15H. i 
\lkn\, .1880, 19, lOlLL] 

BUJl.i -f -h 8Na Si((VO.,)., + 8NaCl 

Silicon totracldorido (20 gms,) is niixod with 
ehlorbcn/jono (56 gms.) and four tinios the volume of 
dry etlier^ and a. small quantity of acetic, ester (I to 
2 gms.) a-dded. The ila,sk is attacluul to a rollux 
condenser, and tlum sodium (23 gms.) in small pieces 
is graduaJIy addcul. A vigorous reaction follows and 
the flask sliould bo repeal, tedly shaJeen. Wlum tlie 
rou/ction is eompU^i-ed, wa,ter is anlded to remove any 
urnittackod sodium, and then (enough to dissolve the 
sodium chloride, after which the mixture is extracted 
wil-h hot beuzieno. White crystals separate from the 
bemione solution, m.p. 228^^ 


OKALYI,-ACi'JT!(J I^STMIf. 

\ nm\, 1880, 19, 0225. | 

Clxalic ester (20 gms.) is mix(‘d with etlun* 
(100 gms.) ami sodium (3 gms.) in thin Hlie.es. 
Acetits ('sttu‘ (12 g*ms.) is then a-dchsl from a dro|)ping- 
funmil, slowly, a, ml after l.welvo Inmrs tln^ iimss 
which has solidified is treaied in tlu^ sa,m(^ way as 
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for tlio separation of acetoacetic ester (see p. 111). 
Yieldj 50 to 60 per cent. A colourless oil^ wliioli 
crystallises with difficulty. 

Method 2. 

[Ann., 1893, 277, 375.] 

Sodium ethoxido (9 gms.) is prepared by dissolving 
3 grm. of sodium in a small quantity of ethyl alcohol 
and then distilling off the latter in a stream of dry 
hydrogen gas. The distillation should be conducted 
in an oil-bath and the temperature allowed to rise to 
200° in order to drive off all alcohol. Oxalic 
ester (20 gms.) is then added and enough ether to 
give a clear solution ; acetic ester (12 gms.) is next 
added^ and the whole is boiled under a reflux con- 
denser for one hour. 

After this^ the cool mixture is decomposed with 
cold dilute sulphuric acid^ the ester is extracted with 
ether_, and after drying over calcium chloride the 
ethereal solution is allowed to crystallise. Yield; 
about 50 per cent. 

Hydroxymethylene-gampho R. 

[Ann., 1894, 281, 328.] 

In a litre-flask; dry ether (20 c.c.) is mixed with 
sodium (8 gms.) in thin slices. The flask is attached 
to a reflux condenser fitted with a dropping-funnel, 
and camphor (50 gms.), dissolved in 200 c.c. of dry 
ether, is added to the ether and sodium, after which 
amyl formate (45 gms.) is added gradually from the 
dropping- funnel to the well cooled mixture in the flask. 
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The reaction is allowed to moderate after each 
addition of 4 or 5 grns. of the formate^ and the 
flask is shaken occasionally. About half an hour is 
taken to add all the formate, and the mixture is 
then allowed to stand for two hours, by the end of 
which time most of the sodium will have dissolved 
and the mixture will be semi-fluid and brown. After 
standing another four hours to allow the sodium salt 
to separate, the whole is poured into 200 c.c. of iced 
water. The yellow aqueous layer is extracted twice 
with ether to remove any camphor or borneol in it, 
and finally air is blown through it to remove all ether. 
The aqueous solution is then treated with ice-cold 
acetic acid (30 per cent.) until the deposition of oil 
ceases, and after an hour, when the oil has solidified, 
it is filtered and dried. Yield, about 20 gms. ; m.p., 
70 ''^ 76 °: 

.C : CHONa 

2C„jII,«0 + 2Na + nOOOC,E[„-CsH,Z | + CioHi^ONa 

\co 

+ CgllnOH 

Acrtyl Acetophenone. 

[Ber., 1906, 38, 695.] 

[DJt.F. 49642,] 

Acetic ester" (19 gms.) and acetophenone (24 gins.) 
are mixed with 150 gms. of drij ether and the mixture 
cooled in ice, while powdered sodamide (16 gms.) is 
gradually added. When the sodamide has all been 
added, the mixture is allowed to stand for a day, 
during which time a thick paste of sodium salt sepa- 
rates. At the end of this period ice- water is added; 
the aqueous layer is separated from the ether, and all 



124 


SYNTflElTlC USE OF METALS 


traces of etlier blown out of it ; it is then acidified 
with acetic acidj and the precipitated ketone filtered 
off. Crystals; in.p., 60^—61°; yields about 25 gms. 

Preparation of Sodamide. 

[Trans., 1894, 65, 504.] 

Ammonia gas is passed over sodium heated in 
a glass tube to a temperature of 300^-400^. Since 
the glass is attacked, the sodium should i^est in a 
trough of nickel foil. When powdering the sodamide, 
it should first be moistened with benzene, since it is 
very hygroscopic. 

Ethyl Acetophenone. 

[Ber., 1905, 38, 698.] 

Acetophenone and ethyl iodide in molecular quan- 
tities are mixed, and sufficient dry ether added to 
dissolve them (several volumes). One molecular 
quantity of sodamide is then added gradually with 
cooling, and after a while ammonia gas is evolved 
and the ether boils. After standing twenty-four 
hours, ice-water is added and the ethereal layer 
separated. This contains acetophenone, together with 
mono- and di-ethyl derivatives, which are separated 
by fractional distillation, B.p. of ethyl acetophenone, 
227 ''~ 233 °. 

Furfurol Acrolein. 

[Ber,, 1880, 13, 2342.] 

Furfurol (1 part) is mixed with acetaldehyde 
(2 parts), water (100 parts), and 10 per cent, sodium 
hydroxide (5 parts). 
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By gradually heating the mixture to 50^^— 60° a 
yellow' oil first separates^ passing to a hrowii solid, 
and when the latter appears, the liquid is neutralised 
with sulphuric acid. The liquid is next distilled, and 
the distillate (containing ne’edle-crystals) is extracted 
with ether, the ethereal extract distilled, and when 
the temperature has reached 210°" the residual oil is 
allowed to solidify. The brown needles of furfurol 
acrolein are recrystalHsed from boiling water. Pale 
yellow needles; m.i). 51°; yield, about 60 per cent, 
of furfurol used. 

OlNNAMYL-VIXYL-METHYL KeTONE. 

[Bor., 1885, 18 , 2320.] 

Acetone (30gms.) is shaken with water (3600 gms.) 
till dissolred, and then cinnamic aldehyde (40 gms.) 
is added and shaking continued till a white emulsion 
is obtained. Sodium hydroxide (40 gms. of 10 per 
cent, aqueous solution) is then added, and the whole 
is allowed to stand forty-eight hours, with occasional 
agitation. At the end of this time the kotono will 
have completely crystallised. It may bo recrystallised 
from ether. Rhombic plates ; m.p. 68°. 

Acetic Anhydride. 

[Ber., 1911, M , 333<3.] 

Acetyl chloride (40 gms.) is mixed with potassium 
nitrate (7 gms.) in a flask attached to an upright 
condenser, which is closed by a calcium chloride tube. 
A vigorous reaction is accompanied by the evolution 
of chlorine and nitrosyl chloride, and after standing 
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foi’ lialf an honr^ tlie mixture is lieated on a water- 
Ibatli and gradually raised to boiling temperature^ at 
wliicli it is maintained for two hours. The colourless 
liquid mass is then extracted with etlior to remove 
the potassium chloride, and the etliereal extract 
fractionally distilled, Yield, 15 to 20 gms. ; b.p., 138°. 

Benzoin ebom Benzaldehyde. 

[Ann., 1840, 84, 186.] 

Bonzaldehydo (25 gms.) mixed with potassium 
cyanide (5 gms. in 20 c.c. of water) and absolute 
alcohol (50 C.C.), is heated on a watei'-bath under a 
reflux condenser for half an hour. At the end of 
this time the benzoin ciystalHses out and may bo 
filtered, washed with a little alcohol and recrystallised 
from spirit. Colourless prisms, m.p. 137°. Yield 
about 20 gms. 


DeSYL- ACETOPHENONE. 

[Trans., 1890, 57, 644.] 

Acetophenone (18 gms.) is mixed with benzoin 
(31 gms.), potassium cyanide (4 gms.), water 
(75 gms.) and alcohol (75 gms.). The mixture is 
boiled on the water-bath and if necessary a little 
more alcohol may be added to dissolve the benzoin. 
After half an hour, desyl-acetophonone separates as 
an oil, and after 1^ hours, the boiling is stopped, and 
the oil^allowed to settle and separate. On cooling, 
the oil solidifies, and after draining on a plate is re- 
crystallised from alcohol. Pale-yellow crystals ; m.p. 
126°. Yield, about 18 gms. 
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PtIENANTHROXYLENE AcETOACETIC EsTEB. 

[Ber., 1883, 16, 276.] 

Finely powdered phenanthraquinone (33 gms.) is 
mixed in a flask with acetoacetic ester (30 gms.) 
and 150 c.c. of potassium hydroxide solution (one 
part KOH to six parts water) added. The mixture 
is gently warmed with continual shaking, heat is 
evolved, and the red colour of phenanthraquinone 
gives place to the light grey of the crude product. 

This is boiled with water, washed with alcohol and 
recrystallised from benzene. Yield, about 30 gms. 

White silky needles, which blacken and decompose 
at 185^ 


APPENDIX II 
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Acrolein -> /3-Iodopropionic Acid. 

Acrolein is prepared from glycerol by mixing the 
latter substance with twice its weight of powdered 
acid potassium sulphate^ and after standing two days, 
distilling the mixture in a retort ; two layers collect 
in the receiver, the upper of which is acrolein. This 
aqueous distillate is shaken up with powdered 
litharge until no more lead sulphite is produced, and 
it is then distilled on a water-bath. The moist 
acrolein which collects, is allowed to stand over 
calcium chloiude for two hours and then redistilled. 
B.p. 52°. Yield, about 35 per cent. 

The acrolein is next oxidised to acrylic acid as 
follows : An alkaline silver oxide solution is prepared 
by dissolving silver nitrate (1 part) in water (10 
parts), and mixing with sodium hydroxide (1 part), 
also dissolved in water (10 parts) 

Ammonia solution is then added gradually till the 
precipitated silver hydroxide just dissolves. A quan- 
tity of this solution, sufficient to oxidise the acrolein 
taken, is warmed to 60°—70° 07i the water-bath^ and 

^ These quantities should not Tbe departed from and the solution 
should not he allowed to evaporate, otherwise silver fulminate may 
he formed and a dangerous explosion may result. 
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the acrolein^ dissolved in the minimum amount of 
water, is added gradnallj ; when all has been added 
the heating is continued for half an hour, with 
occasional shaking. 

After this the mixture is acidified with hydro- 
chloric acid and the acrylic acid separated by 
distillation with steam. 

The acid distillate is neutralised with lead car- 
bonate, heated and filtered, after which, the dry lead 
salt is decomposed by heating it in an inclined tube, 
through which passes a current of dry hydrogen 
sulphide. B.p. 140"^. 

SCHarCH.CHO + SAgfi - 2CH2 : OH.COOAg + 4Ag + H^O 

The acrylic acid is now dissolved in the minimum 
quantity of water, and the calculated amount of con- 
centrated hydrogen iodide solution gradually added, 
shaking well after each addition- When all has 
been added, the mixture is warmed on the water- 
bath for one hour and then evaporated to crystallisa- 
tion j the resulting j3-iodopropionic acid melts at 82°- 

AniPic Aoid. 

[Ann., 1869, 149 , 220.] 

/3-Iodopropionic acid is molted in a small flask 
with finely divided silver in alight excess of that 
calculated from th© equation : 

2CP4i.CH2.OOOH -f 2Ag = 2AgI + (0H2)4(C00PI)2. 

The silver is prepared by suspending silver iodide 
or silver chloride in water, and adding the necessary 
amount of zinc dust. The precipitated silver is 
filtez'ed, washed with dilute hydrochloric acid to 

0 
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remove any zinc, and then dried by heating gradually 
to 150°. 

The molten mixture of iodo-acid and silver is 
maintained at 100°— 120° until it thickens and the 
temperature is then raised to 150°-160°, After 
remaining at this temperature for two or three hours 
the mixture is cooled and then extracted with boiling 
water. The aqueous extract^ on evaporation^ deposits 
a considerable crust of adipic acid which is separated. 
A further quantity of adipic acid is obtained by 
evaporating the mother-liquor^, and the whole may be 
recrystallised from hot water. Colourless crystals; 
m.p. 148°-149°, 

Adipic acid is more conveniently prepared by the 
following method^ from -y-chlorobutyronitrile (01. OH^. 
OH^.CHg.CN)^ which is itself prepared from trimethy- 
lene chlorobromide as follows : 

To a hot solution of potassium cyanide (80 gms.) 
dissolved in 125 gms. of water^ hot 96 per cent, 
alcohol is added (500 c.c.), and to this clear, hot 
mixture, trimethylene chlorobromide (200 gms.) is 
added; the whole is then boiled for 1^ hours on the 
water-bath under a reflux condenser. The alcohol 
is next distilled off, and carries with it most of the 
unchangedtrimethylene chlorobromide. Water is then 
added to the residue in the flask to dissolve potassium 
salts, and the oily layer is distilled after drying over 
calcium chloride. After two or three fractionations 
the portion boiling at 192°— 205° is taken as y-chloro- 
butyronitrile. B.p. 195°— 197°. Yield, 50 per cent. 

[Ber., 1890,23, 1771.] 

[Trans., 1901, 79, 130.] 
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Tlie nitrile, prepared as above, is next digested 
with the calculated amount of sodium malonic ethyl 
ester, on the water-bath, till no alkaline reaction is 
obtained. After removal of the alcohol and sodium 
chloride, the cyano-propyl-malonic ethyl ester is 
fractionally distilled under reduced pressure. B.p. 
170^—175° at 40 mm. 

This substance, 0N.0H2.CH^.0H3.0H(000CgH5)2, 
is then boiled with dilute sulphuric acid (1:2) for 
five hours ; the resulting adipic acid is extracted 
with ether and purified by reci'ystallising from water. 

Carbazole from Thio-diphenylamine. 

[Ber., 1886, 19, 2243.] 

Thio-diphenylamine is prepared by heating a 
mixture of diphenylamine (30 gins.) and sulphur 
(12 gms.), at a temperature of 250°— 280^ for one hour 
or until hydrogen sulphide is no longer evolved. 
The mixture is then distilled (in a retort) ; any un- 
changed diphenylamine boils at 310°, while thio- 
diphenylamine distils at 370°. The distillate may be 
crystallised from alcohol. Yellow plates; m.p. 180°. 
Yield, over 50 per cent. 

To prepare carbazole, the thio-diphenylamine is 
mixed in a retort with excess of copper powder and 
distilled in a stream of carbon dioxide. If the 
distillate has a yellow colour (due to thio-diphenyl- 
amine) it should be again mixed with copper powder 
and distilled. Colourless crystals, m.p. 238°; b.p. 
355°. Yield, 00-70 per cent. 
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Di-orthonitrophenyl-diacetylene. 

[Ber., 1882, 15, 60.] 

It is necessary to prepare firsts o-nitro-phenyl- 
propiolic acid^ which is itself obtained from o-nitro~ 
cinnamic acid. Cinnamic ester (50 gms.) is nitrated 
by pouring gradually into cooled nitric acid (sp. g. 

1 - 5 ). 

After completing the nitration by warming on the 
water-bath for twenty minutes^ the mixture is poured 
into water^ and the mixed o- and j9-nitro-esters 
separated by digestion with a little alcohol, in which 
only the ortho-compound dissolves. The substance 
may then be obtained in a pure state by pouring the 
alcoholic solution into cold water and filtering. 


Bromination of o-Nitro-cinnamic Ester, 

[Ann., 1882, 212, 125.] 

The ester (20 gms.) dissolved in carbon bisulphide 
(300 gms.) under a reflux condenser, is treated 
gradually with bromine (15 gms.) and warmed. The 
bromine soon disappears, and if the OSg be quite dry, 
no hydrogen bromide will be evolved. After warm- 
ing a short time, part of the OS 2 is distilled off and 
the remainder evaporated. Pale yellow crystals will 
separate; m.p. 71°. Yield, 30 gms. 

The ester is next treated with alcoholic potash as 
follows : 

Di-brom-o-nitrocinnamic ester (12 gms.) is dis- 
solved in alcohol, and potash (6 gms.), also dissolved 
in alcohol, is added slowly. Potassium bromide at 
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oiico separates, and when all the potash has been 
added the liquid is filtered from bromide, part of the 
alcohol distilled off, and the remainder evaporated 
over sulphuric acid. The dark brown liquid deposits 
crystals (mixed with resin), which are poured into water 
and extracted with ether to remove impurities, after 
which the nitro-phenyl-propiolic acid is precipitated 
by sulphuric acid fractionally. A brown precipitate 
is first thrown down and removed, further addition 
of sulphuric acid throws down nitro-phenyl-propiolic 
acid, and more is obtained by extraction with ether. 
The slightly red crystals melt at 157°, and when 
subjected to a steam distillation give nitro-phenyl- 
acetylene. 

The last-named compound is converted into the 
copper derivative by dissolving it in much alcohol 
and adding an ammoniacal solution of cuprous 
chloride. The resulting precipitate is washed with 
ammonia, then beaten to a pulp and air bubbled 
through it to remove ammonia ; it may be recrystal- 
lised from chloroform. 

In. the final stage of the process this copper com- 
pound (1 part) is added to a solution of potassium 
ferricyanide (2^ pai*ts) and potassium hydroxide 
(0*4 part) in water (9 parts) ; this mixture is allowed 
to stand till the red colour of the copper compound 
disappears (24 hours). The green-brown residue is 
separated and after diying, extracted with chloroform; 
the di-phenyl-diacetylene nitro-compound crystallises 
in yellow needles. 
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o-Ohlor-tolu,kne. 

[Zoit. aiigew. Chem., 1910, 23, 389.] 
o-Toluidine (53 gms.) is dissolved in a mixture of 
170 gms. of 23 per cent, hydrochloric acid and 500 
gms. of ice-cold watei'. It is diazotised by adding 
gradually, sodium nitrite (37 gms.) dissolved in water 
(80 gms.j. The ice-cold diazo-solution is then added 
to a solution of cuprous chloride (50 gms.) in 23 per 
cent, hydrochloric acid (380 gms.) diluted witli water 
(330 gms.). The temperature of the copper solution 
should be kept at + 5° during the mixing, and the 
process should occupy fifteen minutes. After stand- 
ing a short time, the mixture is heated on the water- 
bath to drive off nitrogen and is then steam-distilled. 
The distillate is extracted with chloroform, the 
extract dried over calcium chloride, and after removal 
of chloroform the oil is distilled. B.p. 157°. Yield, 
about 50 gms. 


o-Chlor-j3bnzoic Acid. 

o-Clilor-toluene is boiled in a flask under a reflux 
condenser, with a solution of potassium permanganate 
containing a weight of the oxidant equal to that of 
the chlor-toluene used. The time required is about 
ten to twelve hours and the permanganate solution 
may be added gradually. When the liquid has 
cooled two methods of treatment are possible : Either 
it may be filtered from precipitated manganese oxide 
and then acidified with hydrochloric acid to precipi- 
tate chlor-benzoic acid, or sulphur dioxide may bo 
passed in straight away without filtering. The latter 
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process will dissolve tlie oxide of manganese and at 
the same time precipitate the chlor-benzoic acid. 
Colourless crystals ; m.p. 137^. Yields nearly quanti- 
tative. 


y-OiiLOR-TOLUENE (Grattermann) . 

[Ber., 1890, 23, 1218.] 

p-Toluidine (36 gms.), dissolved in a mixture of 
40 per cent, hydrochloric acid (225 gms.) and water 
(150 gms.)j is diazotised by 25 gms. of sodium nitrite 
dissolved in 100 c.c. of water. Copper powder (40 
gms.) is then made into a paste with water and 
added gradually to the above diazo-solution during 
half an hour. After standing a short time the 
mixture is steam-distilled and the p-chlor-toluene 
separated by extraction with chloroform. B.p. 160°. 
Yield; about 35 gms. 

Formaldehyde. 

[J. Russ. Phys. Chena. Soc., 1913, 45, 286.] 

Methyl alcohol (100 c.c.) is placed in a flask 
which is kept at a temperature of 40°; and connected 
to a horizontal combustion tube in which a roll of 
copper foil (5 cm, long) is placed. The other end 
of the combustion tube is connected to a condenser 
and a well cooled receiver. 

A stream of air is driven through the alcohol causing 
a mixture of air and alcohol vapour to pass through 
the copper coil; which should be heated until it just 
glows. The reaction will proceed without further 
heating and a solution of formaldehyde in methyl 
alcohol will collect in the receiver. 
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Small explosions on the copper do no liarm^ but 
the temperature should not exceed a dull red heat 
or some of the aldehyde will be decomposed. 

A much improved yield (about 80 per cent.) may 
be obtained by substituting pumice^ coated with a 
mixture of silver and copper, for the roll of copper 
foil. 

For a method of estimating the percentage of 
formaldehyde obtained, see ^ Volumetric Analysis/ 
by Sutton. 


APPENDIX III 


PEACTICAL WORK: MAGNESIUM. CALCIUM 
Benzoic Acid. 

A solution of magnesium plienyl bromide in etlier 
is prepared by mixing brombenzene (16 gms.) with 
ch^y ether (50 c.c.) aud gradually adding magnesium 
ribbon (2*4 gms.). The reaction^ which is fairly 
vigorous^ may require to be started by the addition 
of a crystal of iodine. When all the magnesium 
has dissolved^ the solution is cooled in iced water and 
a stream of well dried carbon dioxide passed through 
it for about three hours, at the end of which time 
tho flask contains a solid mass of the addition pro- 
duct OgH^.OOO.MgBr. 

The solid mass is treated with 50 c.c. of ice-water 
with shaking, and then 40 gms. of cold 20 per cent, 
hydrochloric acid is added gradually. This process 
liberates benzoic acid, which may then be extracted 
with ether and crystallised. 

Yield, about 10 gms. 
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Phbnyl-ethyl-carbinol. 

[Compt. rend., 1900, 130 , 1322.] 

Magnesium ethyl iodide is prepared by mixing 
ethyl iodide (40 gms.) with dry ether (100 c.c.) and 
then adding magnesium ribbon (6 gms.). When all 
the magnesium has dissolved^ the solution is cooled 
in ice^ and benzaldehyde (25 gms.) in 50 c.c. of 
dry ether added gradually. The solid magnesium 
compound which separates is allowed to stand over- 
night and then ice-cold water (200 c.c.) is added^ 
followed by sufficient hydrochloric acid (1:1) to just 
dissolve the magnesia. The ethereal layer is removed 
and washed^ first with sodium carbonate solution, 
and then with sodium bisulphite to remove iodine, 
after which it is dried over potassium carbonate. 
The ether is distilled off and the phenyl-ethyl-carbinol 
distilled under reduced pressure. Yield, about 20 
gms. 


Tjjihethyl Carbinol. 

Magnesium methyl iodide is prepared from methyl 
iodide (25 gms.), and magnesium (4 gms.) in dry 
ether (15 c.c.). 

To this solution is added, gradually, acetone 
(10 gms.) in an equal quantity of ether, and the 
mixture is allowed to stand over-night. After this, 
dilute acid is added and the two layers which result 
are separated. 

The ether is distilled from the ethereal layer and 
the trimethyl carbinol which remains is added to the 
acid aqueous solution; this is distilled with steam 
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until the addition of solid potassium carbonate ceases 
to salt out the carbinol. From the aqueous dis- 
tillate the carbinol is salted out with potassium car- 
bonate, separated, and dried over lime or barium 
oxide. 

Yield, about 60 per cent. ; b.p. 83° 

Triphbnyl Carbinol. 

Magnesium phenyl bromide is prepared by 
dissolving brom-benzene (16 gms.) in ether (80 c.c.) 
and adding gi’adually magnesium ribbon (2*4 gms.). 
The solution when ready, is treated with benzo- 
phenono (18 gms.) in ether (50 c.c.), and when the 
main reaction is over it is completed by boiling on 
the water-bath for half an hour. 

A few lumps of ice are then added to the well 
cooled liquid, followed by dilute sulphuric acid. 
The ethereal layer is separated, washed with sodium 
carbonate solution and then dried over potassium 
carbonate, after which the ether is distilled off and 
the solid recrystallised from benzene. Yield, about 
20 gms. ; m.p. 159°. 

Camphor prom Camphoric Acid. 

[Compt. rend., 1896, 122, 293, 448.] 

Carnphoric Anhydride -> Gampliolide Homo- 
earned I oric Acid . 

Camphoric anhydride is prepared by mixing 
camphoric acid (100 gms.) with acetic anhydiude 
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(70 gms.) and acotyl cliloride (11 gins.) and boil 
the inixtnro under a reflux condonsor for lialJ: 
hour. After coolings the Jinhydrido is washed w 
water and rocryatallisod from alcohol. Yiold^ £ 
90 per cent. ; in.p, 221^. 

The camphoric auliydrido is dissolved in alco" 
and an excess of 5 per cent, sodhira amalgam ado 
gradually during 3 days^ keeping the mixture 1 
and continually acid by addition of cone, sulphu 
acid. The I'esulting caxnpholide may bo rocryst 
lisod from benzene. M.p. 216°. 

The campholide is next heated in a sealed tu 
with the calculated amount of potassiuin cyanide 
230° for six hours. When cold, the mass is trai 
forrod from the tube to water, in which unchang 
campholide is inaoliiblo, and the aqueous solution 
extracted with other to remove traces of campholn 
after which it is acidified with sulphuric acid 
precipitate homocamphoric nitrile. This substar 
is collected, roci'ystallisod from alcohol or other a 
hydrolysed by boiling with 30 per cent, potash 1 
ammonia is no longer evolved. The mixture is th 
acidified and the precipitate o£ homocamphoric ac 
filtered. M.p. 234°. 

Homocamphoric acid is now neutralised with so 
solution and precipitated with lead acetate ; the le 
salt of the acid is collected, dried, and then pack 
into a long combustion tube and heatod gont’ 
Camphor sublimes and may bo collected. 

Camphoric acid is prepared from camphor 
heating 50 gms. with a mixturo of 400 gms. niti 
acid (1*4) and 260 c.c. of water for twenty hours 
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a boiling water-bath. The mixture should be in a 
litre-flask; with a boiling tube, which contains cold 
water; fitted in the neck. 

At the end of this time the mixture is well cooled; 
and the camphoric acid which separates is filtered 
off — about 30 gms. 

The mother-liquor; about 600 c.c.; is mixed with a 
further 80 c.c. of cone, nitric acid and camphor 
(50 gms.) added; and after heating for a further 
twenty hourS; camj)horic acid is separated as before 
(about 40 gms.). The mother-liquor is again treated 
with 130 c.c. of cone, acid and 60 gms. of camphor; 
and after a farther twenty hours^ heating; about 
40 gms. more of camphoric acid is separated. In 
this way from 160 gms. of camphor; about 110 gms. 
of camphoric acid will bo obtained — 70 per cent, 
yield [Amer. Ohem. Journ.; 1894; 16; 500]. 


Pentam ethylene . 

[Ann., 1893, 273, 312.] 

Adipo-ketone is produced by distilling the calcium 
salt of adipic acid in an iron or glass tube. The 
distillate is re- distilled; and that portion collected 
which boils at 128^-182°. 

The ketone is then reduced by mixing it with an 
equal volume of ether in a flask fitted with a reflux 
condenser; an equal volume of water is then added 
and sodium in small pieces dropped in. When the 
required amount of sodium has been introduced; the 
ethereal layer is removed; dried over potassium 
hydroxide and the ether distilled off. The remaining 
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oil is fractionated and tlie portion collected wliicli 
boils at 135^-145°; this is i^efractiouated. The re- 
sulting cyclo-pentanol boils at 139^. 

The alcohol is next cooled to 0° and saturated 
with hydrogen iodide ; after standing over-night the 
liquid is shaken with dilute sodium hydroxide. A 
coloux'less oil separates^ which can be distilled with 
little decomposition in a current of carbon dioxide at 
164^-165°. 

The iodide is now reduced to pentamethylene by 
mixing it with five times its weight of alcohol and 
some granulated zinc in a flask fitted with reflux 
condenser. 

Fuming hydrochloric acid is added drop by drop, 
and after some time the solution becomes turbid and 
an oil separates, which, after standing during some 
hours with the zinc and acid, is separated, and 
any iodide present removed by shaking with a 
mixture of concentrated sulphuric and nitiuc acids. 
The liquid after separation is dried and distilled. 
B.p. 50°. 


OyANAMIDE; GtUANIDINE. 

• [J. angew. Giom., 1910, 23, 2406.] 

Sodium cyanamide (50 gms.) . is gradually added 
to concentrated hydrochloric acid (T19), 74 gms. 
while well cooled, and the water is then removed by 
distillation in vacuo. The residue, which solidifies 
on cooling, is extracted with ether, and the ether 
evaporated ; the cyanamide solidifies when cooled. 
Yield, about 10 gms. M.p. 40° 
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From calcium cyan amide the procedure is as 
follows : The calcium compound is dissolved in water 
and the calculated amount of aluminium sulphate 
added in solution; this liberates cyananiide, and a 
precipitate of calcium sulphate and alumina is formed. 
The filtrate is evaporated in vacuo and the cyanamide 
crystallised from ether. By this method about 20 gms. 
of cyanamide is obtained from 200 gins, of the calcium 
compound. 

A good yield of guanidine nitrate is obtained by 
treating dicyanamide (obtained by heating cyanamidej 
with a mixture containing 25 per cent, of hydrochloric 
acid (1*19) and 35 per cent, of nitric acid (T38), in 
water. 


APPENDIX IV 
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Citric Acid. 

[Trans., 1897, 71, 457.] 

Oxalyl-acetic ester (20 gms.) is mixed with mono- 
’bromacetic ester (17 gms.) in a flask of 300 c.c. 
capacity^ fitted with, an air-condenser. Enough zinc 
turnings to cover the end of a spatula are added and 
the mixture becomes brown, while the temperature 
quickly reaches 50° and the zinc dissolves. Addition 
of a second portion of zinc is attended by boiling 
and the reaction is moderated by cooling ; the metal 
is added in excess, and the mixture is then heated on 
the water-bath for a short time. After cooling, the 
mixture is treated with cold dilute sulphuric acid 
and ether, well shaken to get a clear solution, and 
the ethereal layer removed, washed with dilute 
sodium carbonate and dried over calcium chloride. 
The ether is next distilled and the remaining oil 
fractionated under reduced pressure ; most of it 
passes over below 200° at 35 mm. That portion 
taken as citric ester (b.p. 212°-216°) is hydrolysed 
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l)y alcoholic potash. From tho neutral solution 
calcium citrate is precipitated. Yield, about 5 gins. 


Ketones ou Tertiary Alcohols erom Acin Chlorides. 

[Bull. Soc. Cliim.j 1911 (iv), 9, i-xxv.] 

The zinc alkyl reagent is prepared as follows : 

Twice tho amount of zinc-copper couple theoreti- 
cally required, is mixed with the alkyl iodide (1 mol.), 
ethyl acetate rnoL), and dry toluene equal to twice 
tho weight of ethyl acetate used. This mixture is 
heated under a reflux condense!" at 100°, and the 
reaction started, if necessary, by adding a crystal of 
iodine. 

About forty-five minutes^ heating is required, and 
towards the end, the temperature may be raised to 
110*^ ; the flask should be occasionally shaken. When 
refluxing has stopped, the contents of the flask are 
cooled, an amount of toluene equal to that first used is 
added, and the viscous liquid is decanted into a dry 
flask or bottle. Yield, about 80 per cent. 

For use with acid chlorides the procedure is as 
follows : 

An amount of the above reagent (zinc-alkyl-iodide) 
is taken (25 per cent, in excess of the calculated 
amount), and while cooled to 0°, the acid chloride 
dissolved in dry toluene is added drop by drop with 
shaking. When all the acid chloride has been run in, 
the mixture is cooled and dilute sulphuric acid 
added. The toluene layer contains the required 
product, and often a small quantity of zinc which may 
he removed by shaking with ammonia. After this the 

10 
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tokieiie solatioii is waslied vvitli ]S[aHC 03 with 

thiosulphate ; it is tlioii dried over sodium sulphate 
before separating the ketone or tertiary alcohol. 


hTAPHTHALElSrE FKOM jS-lfAPHTHOL. 

A combustion tube is half filled with a mixture of 
zinc dust and jS-naphthol (10 gms.). Theremaindor 
of the tube is filled with granulated pumice impreg- 
nated with zinc dust, and this (the front end) is con- 
nected to a receiver. The other end of the tube is 
connected to a generator for providing a stream of 
dry hydrogen. The combustion tube should be 
between 50 and 60 cm. long, and rest in a furnace. 
When all air has been expelled by hydrogen, the zinc- 
pumice is heated to redness and then the naphtliol 
mixture is heated. 

In the receiver, naphthalene and water collect, and 
when the distillation is complete, the aqueous distillate 
is extracted with ether and the ethereal solution 
dried over calcium chloride. On evaporating the 
ether, naphthalene remains. 

IsOQUmOLINE. 

[Ber., 1888, 21, 2299.] 

[Ber., 1884, 17, 2178.] 

Phthalic Anhydride Fhthalide Romophthalimide. 

Phthalic anhydride (200 gms.) is dissolved in 
glacial acetic acid (1 kilo.), and while heated on the 
water-bath, zinc dust (300 gms.) is gradually added. 
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The zinc dissolves rapidly with evolution of heat and 
when the reaction becomes sluggish^ heat is applied. 

Needles of diphthalyl — 

^ \o o7 ^ 

which deposit on cooling are filtered olf^ and on 
diluting the mother-liquor a mixture of hydro- 
diphthalyl and hydrodiphthal-lactonic acid is pre- 
cipitated. After filtering these off, the phthalide 
is extracted from the mother-liquor with ether. 
Prisms ; m.p, 73°. Yield, about 30 per cent. 

The phthalide is next converted to cyanotoluic 
acid by heating it in a sealed tube with the calculated 
amount of potassium cyanide at 230°-240°, for five or 
six hours. 

The contents of the tube are then transferred 
to water, filterod from any insoluble matter, and the 
nitrile precipitated by sulphuric acid. When filtered, 
it is hydrolysed by boiling with 30 per cent, potash 
till no more ammonia is evolved, after which homo- 
phthalic acid is precipitated by sulphuric acid. M.p. 
175°. 


Romophthalic Acid ^ Romophthalimide, 

[Ber., 1886, 19, 1653.] 

The ammonium salt is prepared by neutralisation 
with ammonia, and then distilled, when it decomposes 
into homophthalimide, water and ammonia. The two 
latter substances pass over first, and leave behind 
homophthalimide, which melts at 223°. 

The homophthalimide is then mixed with zinc dust 
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in a combustion tube and boated in a stream of 
hydrogOB; at a dark red beat. 

A deep-brown liquid distils over wbicb smells of 
isoquinoline; and tbis is saturated with hydrogen 
cblorido; the hydrochloride of the base filtered and 
dried; and it may then be decomposed by aqueous 
potash. The isoquinolino; which may be obtained by 
extraction of the alkaline liquor with ether; or dis- 
tillation with steani; may he further purified by 
formation of the picrate and its subsequent decom- 
position. M.p. 23°. B.p. 241°. 


Fluorescein. 

[Ann., 1876, 183, 3.] 

Resorcinol (7 parts) is mixed with phthalic 
anhydride (5 parts); and powdered anhydrous zinc 
chloride (3 parts) is gradually added to the mixture; 
with stirring; at a temperature of 180°. When all 
the zinc chloride has been added; the mass is heated 
to 210° for two hours. The cooled mass is then 
pulverised and boiled with dilute hydrochloiuc acid 
for ten minuteS; after which the solid fluorescein is 
filtered and washed. It may be purified by re- 
crystallising from alcohol. Yield; about 80 per 
cent. 


Malachite Green. 

[Ann., 1881, 206, 122.] 

Dimethylaniline (5 parts) is mixed with henzalde- 
hyde (2 parts) and powdered anhydrous zinc chloride 
(4 parts) . 
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This mixture is heated on the water-bath^ in a 
basin^ until it no longer smells of benzaldehyde (four 
to five hours). 

The product is then transferred to a large flask 
and distilled with steam to remove unchanged 
dimethyl-aniline ; the leuco-base is filtered when 
cool and recrystallised from alcohol. Almost a quanti- 
tative yield is obtained. The zinc chloride double 
salt of the dye is prepared as follows : Ten gms. of 
the base is dissolved in dilute hydrochloric acid 
containing 2*7 gms. of HOI ; the liquid is diluted with 
800 c.c. of water and 10 gms. of 40 per cent, acetic 
acid added; it is then cooled with ice^ and a thin paste 
of 7*5 gms. of lead peroxide added gradually with 
shaking. After standing a few minutes^ the lead is 
precipitated by adding 20 per cent, sodium sulphate^ 
and to the filtrate from lead sulphate is added 8 gms. 
of zinc chloride dissolved in a little water. The dye 
is then salted out by addition of common salt. Yield, 
about 7 gms. 


Acridine. 

[Ber., 1884, 17, 101.] 

Diplienylamine (1 part) is mixed with chloroform 
(1 part), zinc chloride (1 part), and zinc oxide a 
part). The mixture is placed in a sealed tube 
and heated to 200°— 210° for seven to eight hours. 
The mixture is then digested with cone, hydrochloric 
acid and the filtered solution poured into water to 
precipitate any unchanged diphenylamine, the hydro- 
chloride of which is dissociated by water. Prom the 
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filtered solution, acridine is precipitated by sodium 
hydroxide, and may be recrystallised from hot water 
after separating by steam distillation. Fine leaflets. 
M.p. 110°. Yield, about 50 per cent. 

a-MBTHYL-mnOLE. 

[Ber., 1886, 19, 1663,] 

Acetone phenyl-hydrazone is first prepared by 
mixing phenyl-hydrazine (30 gms.) with acetone 
(18 gms.). The mixture becomes warm and water 
separates ; it is then heated on the water-bath for 
half an hour, and at the end of this time heated in 
a dish on the water-batli, to drive off acetone and 
steam. The hydrazone is then mixed with five times 
its weight of anhydrous zinc chloride, and heated 
under a reflux condenser in an oil-bath at 180°. A 
vigorous reaction takes place, and when completed, 
the dark-coloured mass is distilled with steam. The 
a-methyl-indole collects in the receiver and soon 
solidifies to a pale yellow mass. It may be purified 
by recrystallising from ligroin. M.p. 59°. Yield 
is over 60 per cent, of that calculated. 

Pjropyl Ohloeide. 

[J. Am, Chem. Soo., 1907, 29, 1328.] 

Anhydrous zinc chloride (30 gms.) is melted in a 
round flask (i-litre), which is rotated so that the 
cooled chloride forms a layer inside, with a large 
surface exposed. The flask is fitted with a three- 
holed cork through which pass two dropping funnels 
and a fractionating column ; the last is fitted with a 


PKAGTICAL WORK: ZINC. MERCURY 


151 


thermometei: and the side tube passes into a vertical 
spiral condenser. Through a second hole at the 
top of the condenser, a tube is passed for dropping 
cold water, so that hydrogen chloride may be 
absorbed. Propyl alcohol (54 gras.) is required and 
phosphorus trichloride (30 gms.). One half of the 
trichloride is run in from the funnel which reaches 
to the bottom of the flask, and while heating gently, 
one third of the alcohol is admitted drop by drop 
through the second funnel which reaches just above 
the level of the mixture. When this portion has 
been added the remaining phosphorus trichloride and 
alcohol are added simultaneously and at the same 
rate. Propyl chloride distils over, mixed with 
hydrogen chloride continuously, but the latter is 
prevented from escaping into the air, by dropping 
water at a suitable rate into the condenser. The 
distillation (hitherto conducted on a water-bath) is 
finished over a flame, and the propyl chloride 
separated and dried over calcium chloride. Yield, 
80-90 per cent. B.p. 44^. 


a-ETIIOXY-QUINOLINE. 

[Ber., 1882, 15, 2103.] 

o-Amino-cinnaraic ester (20 gms.), prepared by 
reducing o-nitro-cinnamic acid and then esterifying 
the resulting amino-acid (see p. 162), is warmed with 
a saturated alcoholic solution of zinc chloride for 
some hours at 80^—90^. The mixture is then made 
alkaline and distilled with steam, when the quinoline 
derivative passes over and may bo extracted from 
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the distillate with ether. After drying the extract 
over potassium carbonate and removing the etlioi% 
the remaining oil is distilled. B.p. 256®. 

Phthalic Acid. 

[D.H.P. 91202.] 

Naphthalene (20 gms.) is mixed with morcmnc 
sulphate (10 gms.) and concentrated snlphinic acid 
(300 gms.) in a retort which is fixed upright^ and 
warmed until the naphthalene has dissolved. The 
retort is then turned^ connected with an air-condenser 
and heated strongly. Eeaction commences at 200°— 
250® and becomes vigorous at 300®^ while the pro- 
ducts distilling over^ consist of phthalic acid^ sulpho- 
phthalic acid, naphthalene, and water, accompanied 
by sulphur dioxide and carbon dioxide. The distil- 
late is collected in 250 c.c. of cold water and heating 
continued till the retort is nearly dry, after which 
the distillate is filtered. The precipitate is washed 
with water and then dissolved in sodium hydroxide, 
filtered from unchanged naphthalene, and the phthalic 
acid re-precipitated by hydrochloric acid. It may be 
recrystallised from water or alcohol. Yield, about 
70 per cent. 
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DiMETHYL-ANIL 1N12-PHOSPHOE-OHX.ORT1)E 
[Bor., 1888, 21, 1497.] 

Pliosphoriis trichloride (33 gms.) is tiiixed with 
dimethyl-aniline (23 gms.) in a flask fitted witli. a 
reflux condenser. 

Anhydrous aluminium chloride (7 gms.) is tliOTi 
added^ through the condenser, a little at a titncj 
whereby a vigorous reaction ensues. Wlien all the 
chloride has been added, the flask is heated on a 
water-bath for three hours, and tlien wlion cool, ilio 
oily liquid is extracted two or three times with 
petroleum ether (until the residue in tlio flask is 
nearly solid). 

On distilling the clear extract over a water-bath, 
the petroleum ether is removed, and the residue on 
cooling separates in tables. It may be purified by 
recrystallisation from ether or benzone. 

Yellow crystals; m.p. GG'^. Yield, about 50 per 



154 


SYNTHETIC USE OP METALS 


jp-TOLUIC-ALDEHYDE. 

[Her., 1897, 30, 1622.] 

Toluene (30 gms.) is mixed witli unliydrons 
aluminium chloride (45 gms.) and cuprous chloride 
(4 gms.) in a flask^ and into the mixture a stream of 
carbon monoxide and hydrogen chloride gases is 
passed; while the flask is continually shaken and the 
temperature maintained at 20'^-25®. The carbon 
monoxide may be stored in a 10-litre bottle and is 
enough to pass steadily for about three hours. The 
hydrogen chloride should pass at half the rat© of 
the carbon monoxide. The escaping gases may be 
collected in a second bottle and used over again. 

At the end of three hours the reaction-product is 
poured into ice-water ; an oily layer separates^ and 
the mixture is distilled with steam to remove toluene 
and toluic aldehyde. The aqueous distillate is 
shaken with saturated sodium bisulphite, and undis- 
solved toluene separated from the aqueous layer. 
If the aldehyde bisulphite separates at this stage it 
must be dissolved by adding more water. 

Finally; the separated aqueous solution is made 
alkaline with sodium hydroxide and distilled with 
steam; the aqueous distillate is then extracted with 
ether; and after drying over calcium chloride the 
ether is removed by distillation. Yield; about 20 
gms. of oil; b.p.; 204^. 

Diphenyl Methane. 

[Trans., 1896, 67,826.] . 

Benzene (60 gms.) is placed in a flask under a 
reflux condenser and half a gram of aluminium- 
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mercury couple added in strips. Tlie couple is 
prepared by immersing aluminium foil in concentrated 
mercuric chloride solution for a minute ; the mercury- 
coated strips are first washed with water^ then with 
alcohol^ and lastly with benzene^ and dropped quickly 
into the benzene in the flask. Benzyl chloride 
(30 gins.) is then added slowly, from a tap-funnel in 
the top of the condensei*, during one hour. Effei’- 
vescence is caused by the evolution of hydrogen 
chloride, and when all has been added the flask is 
heated for a short time on the water-bath (quarter 
of an hour). 

The liquid is then shaken up with dilute sodium 
hydroxide solution, the benzene layer separated and 
fractionally distilled. When the temperature reaches 
100^, the distillation is continued under diminished 
pressure (80 mm.) and the fraction collected which 
passes over at 170-176^. On cooling, this forms a 
mass of coloiudess needles (diphenyl methane). M.p. 
25°, Yield, about 14 gms. 


a-HYDRINDONB. 

[Trans., 1894, 66, 484.] 

Hydrocinnamic Acid -> fS-Phenyl-projpioyiyl Chloride. 

Cinnamic acid (1 part) is mixed with water (10 
parts) and neutralised with sodium hydroxide. To 
this solution, 2^ percent, sodium amalgam (1 7" parts) 
is gradually added with shaking, after which the 
liquid is poured off from the mercury, and the 
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liydrociiinaraic acid precipitated by bydrocliloric acid. 
Yields 80-90 per cent. ; m.p. 47^. 

The acid chloride is prepared by treating the acid 
(50 gms.) in a flask; gradually; with phosphorus 
pentachloride (69 gras.) ; the reaction may be com- 
pleted by warming on the water-bath. To remove 
phosphorus oxychloride; the liquid is distilled under 
diminished pressure; subsequently the pressure is 
reduced to below 35 mm. before the jS-phenyl- 
propionyl chloride can be distilled without decomposi- 
tion. B.p. 125°— 135° at 33 mm. and 117°— 119° under 
13 rnrn. Yield; about 90 per cent. 

j3-Phenyl-propionyl chloride (25 gms.) is dissolved 
in petroleum ether (b.|}. 60°— 70°); and after adding 
anhydrous aluminium chloride (25 gms.) the mixture 
is heated gently; under a reflux condenser; on the 
water-bath; till the mixture boils and a vigorous 
evolution of hydrogen chloride takes place ; the flask 
is then removed till the reaction subsides. 

This heating on the water-bath and subsequent 
cooling; is repeated until the evolution of hydrogen 
chloride is small (20—30 mins.). After treatment 
with ice-cold water the mixture is steam distilled; and 
the hydrin done in the receiver is extracted with 
petroleum ether; washed with sodium carbonate and 
crystallised. 

Colourless ciystals ; m.p. 41°. Yield, about 10 gms. 

Tkiphenyl-methane. 

[Bor., 1893, 26, 1961.] 

Dry benzene (160 gms.) is mixed with dry chloro- 
form (32 gms.) in a flask connected with a reflux 
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condenser^ andpowderedaluminium cliloride (25 gms.) 
is added gradually^ witli shaking. 

Hydrogen cliloride is evolved^ and when all the 
aluminium chloride has been added^ the flask is 
heated to boiling for half an hour. 

When cold^ the mixture is added to an equal volume 
of cold watoTj and the upper benzene layer which con- 
tains the triphenyl-methane; is separated and dried 
over calcium chloride. Benzene is then distilled off 
and the temperature finally raised to 200°, after 
which any diphenyl-methane is removed by distilling 
under 80 mm. pressure. B.p. 175°. When the 
thermometer rises above 180°, the distillation is 
stopped and the residue^ when cool; extracted with 
warm benzene. 

The crystals obtained from this liquid contain 
benzene of crystallisation which is removed by 
heating on the water-bath; the triphenyl-inothane 
may be rocrystallised from alcohol. Colourless plates ; 
m.p. 92°. Yield; 20—25 gms. 

Acetophenone. 

Aluminium chlorido (60 gms.) is powdered; and 
covered with benzene (36 gms.) in a half-litre flask 
fitted with a reflux condenser; and acetyl chlorido 
(42 gms.) is gradually added to the well cooled 
mixture through a tap-funnel. A vigorous evolution 
of hydrogen chloride takes place and the mixture is 
allowed to stand for an hour; after which it is stirred 
and poured into 300 c.c. of ice-cold water. The 
aluminium compound decomposes with evolution of 
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heat, and the dark oil which separates is extracted 
with benzene. The benzene extract, after washing 
with dilute caustic soda and then with water, is 
dried over calcium chloride and distilled. Benzene 
passes over first and the thermometer then rises 
rapidly to that portion is collected as aceto- 

phenone which distils at 195°— 200^. The pale yellow 
oil solidifies on cooling. Yield, about 25 gms. 
Colourless plates ; m.p. 20°, b.p. 202° 

o-Benzoyl-benzoic Acid. 

[Ber., 1880, 13, 1612.] 

Phthalic anhydride (25 gras.) is dissolved in warm 
benzene (250 gms,), and dry aluminium chloride (40 
gms.) is gradually added during three quarters of an 
hour. After standing for a short time the cooled 
benzene layer is poured off and decomposed by dilute 
hydrochloric acid, when a yellow mass separates, 
which is washed with water and then treated with 
warm sodium carbonate solution, whereby most of 
the solid dissolves. The acid (benzoyl-benzoic) is 
reprecipitated by acidifying the solution of the 
sodium salt, and may be recrystallised from xylene. 
Yield, about 15 gms. 

Phenyl-benzoyl-benzoic acid — 

/COOgH^.CeHs 

C6H4< 

\COOH 

may be prepared similarly, using diphenyl and 
phthalic anhydride. 

[J. Prakt. Oliem., 1890, 159, 147.] 
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Benzoyl-henzoic Acid -> Anthraquinone. 

The acid is dissolved in cone, sulphuric acid and 
heated to 100° for half an hour. On pouring into 
water^ a white precipitate of crude anthraquinone is 
formed^ which is washed with water and then with 
sodium hydroxide solution. 

It is then recrystallised from glacial acetic acid 
and further purified by sublimation. Yellow needles ; 
m.p. 275°. 


Hydrolysis op Anisole by A1C13. 

[Ber., 1892, 23, 3531.] 

Anisole (10 gms.) is mixed gradually with 
powdered anhydrous aluminium chloride (15 gms.). 
A vigorous reaction ensues^ and crystals of aluminium 
double compound separate ; the flask is then heated 
in an oil-bath to 120° for three hours, when methyl 
chloride is steadily evolved. At the end of this time 
the aluminium phenolate is decomposed by cold water 
acidified with hydrochloric acid, and the phenol ex- 
tracted with ether. 

Unchanged anisole is removed from the phenol 
thus obtained, by dissolving the^ latter in sodium 
hydroxide and re-precipitating with acid, and again 
extracting with ether. Yield, about 5 gms. 

Toluene prom j^-ToLuinxNE. 

[Ber., 1889, 22, 587.] 

p-Toluidine (15 gms.) is dissolved in 45 c.c. cone, 
hydrochloric acid diluted with 90 c.c. of water, and 
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diazotised with sodium nitrite (10*5 gms.). The 
diazonimn solution is poured into caustic soda solu- 
tion tnade by dissolving 22 gms. of sodium hydroxide 
in 75 c.c. of water, and the mixture is kept below 10*^ 
all the time. This alkaline mixture containing the 
diazoniurn salt is next added slowly, through a con- 
denser, to alkaline stannous chloride solution, in a 
flask which is immei’sed in ice. The alkaline tin 
solution is prepared by dissolving tin chloride (45 gms.) 
in water (110 gms.), and adding 50 per cent, caustic 
soda solution till the precipitated tin hydroxide 
almost dissolves. A vigorous evolution of nitrogen 
takes place after each addition of the diazo-solution 
and impure toluene separates; this is removed by 
steam distillation, and the toluene in the distillate 
sepai^ated and dried over calcium chloride. Yield, 
about 8 gms. 


Diphenyl. 

[Ber., 1876, 9, 407.] 

Benzene (100 gms.) is boiled and the vapour 
passed through an iron or glass combustion tube 1 
metre long, which is filled with granulated pumice 
and heated to redness in a furnace. The vapours 
issuing from the combustion tube (consisting of 
diphenyl, unchanged benzene, and hydrogen) are 
passed through a condenser so arranged as to bring 
the diphenyl, etc., back to the flask of boiling 
benzene. A glass tube fused into the lower end of 
the condenser serves for the escape of hydrogen 
which is liberated during the reaction. By this 
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arrangement, the vapours pass repeatedly through the 
red-hot pumice^ and after two hours, the contents of 
the flask may be distilled and that portion boiling 
below 150^ rejected. The remainder, in the distilling 
flask, solidifies on cooling and may be recrystallised 
from alcohol. M.p., 71°. 


Oxalic Acid. 

[J. Prakt. Cliem., 1907, 75, 146.] 

Concentrated nitric acid (140 c.c.) containing 
vanadium pentoxide (0*1 grm.) is warmed gently in 
a litre-flask ; it is then placed in a fume-cupboard 
and powdered cane-sugar (20 gms.) is added. 

As soon as the reaction becomes vigorous and 
brown fumes are evolved, the flask is placed in cold 
water to moderate the reaction. The mixture is 
allowed to stand for twenty-four hours, by which 
time the oxalic acid will have crystallised; the 
crystals are drained and recrystallised from water. 
Yield, about 16 gms. 
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o-Amino-bbnzaldehydb. 

[Ber., 1884, 17, 456, 754.] 

0 -Nitro-beiizaldeliyde (10 gms.) is suspended in a 
litre of 'vrater^ containing 100 gms. of ferrous sulphate 
ill solution^ and excess of ammonia solution is added. 
The mixture is then heated to 100*^ for ten minutes 
and afterwards steam-distilled ; the amino-benzal- 
dehyde is extracted from the distillate with ether. 
M.p. 39°. 


o-Amixo-cinnamic Acid. 

[Ber., 1882, 15, 2299.] 

o-NitrO'cinnamic acid (30 gms.) is reduced by 
ferrous sulphate (270 gms.) as above. Instead of steam- 
distilling; it is advisable to filter from ferric hydroxide 
and to precipitate the amino-acid in the cold solution 
by adding glacial acetic acid. Bright yellow needles 
of amino-cinnamic acid separate. Yield; 54 per cent. 
M.p. 158°. 


PRACTiCAL WORK : IRON. NICKEL. PLATINUM 163 


Mannose from Mannitol. 

[Trans., 1899, 75, 9.] 

Mannitol (40 gms.) is dissolved in water (100 c.c.)^ 
and powdered ferrous sulphate (10 gms.) added. 
When this has dissolved^ the clear solution is 
oxidised by added 20-volume hydrogen peroxide 
(120 c.c.) gradually. After standing for two hours 
the solution is divided into two parts^ one of which 
is used for isolating the mannose as follows : The 
solution is treated with excess of barium carbonate 
and filtered from iron oxide^ etc. It is then 
distilled under diminished pressure at 50° to remove 
water; and the syrup obtained is then transferred to a 
dish and allowed to crystallise. Yield of mannose, 
8—10 gms. 

The second half of the above solution is again 
divided and one part used for preparing the hydra- 
zone, while the other part serves for preparing the 
osazone. 

The hydrazone is prepared by making the solution 
alkaline with sodium carbonate and then acidifying 
with acetic acid; to this solution is added phenyl- 
hydrazine (5 gms.) which has been dissolved in 25 
per cent, acetic acid. After standing for forty-five 
minutes the hydrazone is filtered off, washed with a 
very little acetone and recrystallised from water. 
Pale yellow crystals ; m.p. 181°. Yield, about 5 gms. 

The portion used for preparing the osazone is made 
alkaline with sodium carbonate, then acidified with 
acetic acid, and phenyl-hydrazine (10 gms.) dissolved 
in 25 per cent, acetic acid is added together with 10 
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gms. of sodium acetate in a little water. This mixture 
is digested on the water-hath for three hours^ after 
which the osazone is filtered^ washed with water^ and 
recrystallised from alcohol. M.p. 195°; yields about 
8 gms. 

Hexahyero-benzene. 

[Compt. rend., 1901, 132, 210.] 

A 50 cm. combustion tube is loosely packed with 
pumice, which has been previously mixed with an 
equal weight of nickel oxide and a little water^ and 
gently dried. 

This is then placed in an air-bath and heated to 
about 300° while a stream of hydrogen gas is passed 
through, to reduce the oxide. When no more steam 
is produced the tube is allowed to cool, and to one 
end is attached a distilling flask, containing 30 c.c. of 
benzene, through the neck of which, a glass tube 
passes connected with a hydrogen-generating appa- 
ratus. The hydrogen is allowed to pass through the 
tube, driving out all air, and is then made to bubble 
through the benzene warmed to 30°, while the nickel- 
pumice is heated to 180°-190°. About six hours is 
required to pass all the benzene through and to 
convert it into hexahydro-benzene. Any unchanged 
benzene is removed by nitrating the distillate. Yield, 
80 per cent. B.p. 80°— 82°. 


Hexahydro-phentol. 

[Compt. rend., 1901, 182, 210.] 

About 40 gms. of phenol may be reduced by 
hydrogen in the presence of reduced nickel, by the 
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s atiu) motliod aw lioxaliydro-bonjitmo is proparod. 'I'he 
towsporaturo of tlio riickol should bo 160“— 170” and 
tlio plionol may bo hoatod nearly to its boiling point 
•w liilo a fairly rapid current of dry hydrogen bubbles 
tlirough it. The distillate ultimately obtained, is 
Blufcken with caimtici soda solutioti to remove un- 
cljii-nged phen(d, extracted with other, and after 
drying the oxti-aot ovetr petasHium carbonate, it is 
frn-ctionally distilled. 

B.p. of hoxahydro-phonol is 170°. 
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Amitio auiiydrido, 125 
Acotoaeot.M^ IJ 1 

bydrolyHiH of, 10 

Aootonyl lu^otoHc^ 12 
Aaotophoiioran 157 
AcotoHiU'saiJuo o«t-ar, 112 
Aaotyl™ao(d.<nic*«i io 11, 117 
Aootyl-acc^toplKnHUKs 1 22 
Acotyl-ii(ud<>n<^ 0, 22 
Acatyl"pyrorii(HUuic 18 

Acid anhydride 4, 22, 

125 

Acid pota-HKhtin Kulplui-to, 21 
Acndni<i,7l, 140 
Acroliun, 21, 128 
rjc-Acjrose, 20, 02 
A(n‘ylic acid, 128 
Adipic acid, 25, 00, 120, 141 
Aluniiniuiu-nun'cury coaphs 72, 
82 

Aluininiuni chlorhh^ 77, 152 
oxide an caialynt., 07, lOO 
Amino»}M*niia.hl<»iiyd<s 102 
Amlno-ciritmtnic acid, 1(52 
Ammonia-, Hyni-hc.‘dH of, UK) 

A airhole, 105, 150 
Anihraniii(’ acid, 20, 7'1) 
Aniluwjuinomr, 150 
Antimony. HO 
oxide, 07 

Antipyrine, 12, 117 

Bellhyii c.yauido procansH, 20 
llmr/al aniline, 22 
Bani^joic? acid, 127 
anhydriile, UKl 


( Ihmzoin eonden.sation, 20, 120 
lhuizo]dumone, 77 
1 h m z< )y I »ac( 4-< )i ic, 22 
Benzoyl-benzoic acid, 70, 158 
Benzyl cyanide, 14 
IJiHinutii oxide an catalyat, 97 
BlaiH<\ 04 

Butane tetnmarboxylic CBter 15 

Oamplielid<s 02, 120 
Oampher, 01, 120 
(^amplieric acid, 20, 01, 129 
(timphorenic acid, 00 
(Jar)»az(d(s 27, 121 
(lacldd<«H, 54 
darbon mdKixhh", OH 
(■acbonyl chlorid<% 100 
C’aMlmu' cyanide pnau'HH, 22 
Cddorlxmzoh^ acid, 124 
dhl<»robr<>m«pr<tpa,ue, U>0 
dl I lore formic 5, lOO 

o-(?ldortolu('U<% 12 It 
pdOilmiolmnas 125 
(rmnamie ahhlhyde, 20 
(wUn’, 18 

dinnamyl-vinyl-nadhyl ketone 
125 

dil ric <*Ht(e% 00, 144 
dial ram, 8, 10 
( eba-lt an ealaly:;( , 01 
d(»pp(a’ a.H <'ata.lyH(. 01 
(lya.iuie<d ic, eat or. M 
d.\eu^ami<h^ 55, 142 
dyclo-a(M4a.h!, 00 
dyele-bulybaus -U 

I)<u»xybeuzein, 14 
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Besyl-acetophenone, 30, 126 
Biaceto-siiccinic ester, 11, 40, 116 
Diacetyl-dicarlDoxylic ester, 20 
Diacetylene dicarboxylic acid, 37 
Biazo-compounds, 38 
Bibenzoyl metbane, 19 
Bi-isatogen, 38 
Bi-isopropyl succinic acid, 35 
Bi-keto-hexametbylene, 17, 119 
Biketones by ZnBI, 66 
/3-Biketones by AlClg, 79 
Bimetbyl-aniline-phosphor-cblo- 
ride, 82, 163 

glntaric ester, 20 
snecinio ester, 14, 36 
Bi-o -nitropheny 1-diacetylene, 38, 
132 

Bipentene, 31, 62 
Bipkenyl, 160 

diacetylene, 38 
methane, 164 
Bi-tertiary glycols, 60 

Esterification by catalysts, 98 
Ethane tetracarboxylic ester, 11, 
116 

Ethoxy-qninoline, 73, 161 
Ethyl acetophenone, 124 
Ethyl benzene, 104 
Exhaustive methylation, 41 

Eats, hydrolysis by PbO, 85 
Eerrio chloride, 88 
Eerrous sulphate, 88, 162 
Eluorescein, 148 
Eormaldehyde, 100, 135 
Eriedel- Crafts' reaction, 77, 163 
Eurfurane, 12 
Eiirfurol acrolein, 26, 124 

Qattermann, 39, 135 
Qlycerose, 26 
Qrignard reagent, 41, 137 
Guanidine, 66, 142 

Hexahydrophenol, 164 
Hexamethylene, 4, 61, 106, 164 
Hexaphenyl ethane, 40 
Hydrindone, 79, 166 


Hydrogen peroxide, 89, 163 
Hydrolysis by AICI3, 82, 169 
by catalysts, 99 

Hydroxymethylene camphor, 22, 
122 

ketones, 23 

Indigo, 23, 26, 38, 74 
p-Iodopropionic acid, 35, 128 
lonone, 28 
Isoprene, 24 
Isoquinoline, 70, 146 

Keten, 68, 101 

^-Keto-hexahy drobenzoic acid, 14, 
62 

Keto-pentamethylene, 60, 141 
carboxylic ester, 18 
Komppa, 20 

Lead monoxide, 85 

organo-compounds of, 19, 60, 
83, 120 

peroxide, 86, 149 
tetraphenyl, 50, 120 

Magnesium syntheses, 45, 137 
Mal^hite green, 31, 71, 148 
Malonic ester, 11, 16, 114 
Manganese dioxide, 97 
Mannose, 162 
Mercury diphenyl, 60, 120 
Mercuric oxide, 74 
p-Menthadiene, 63 
Mesityl-oxide-oxalic ester, 18 
Metallic oxides as catalysts, 97 
Methane, synthesis of, 37 
Methyl benzoate, 111 
succinic ester, 118 
indole, 72, 150 
Molybdenum, 86 

Naphthalene, 146 
Naphthyl-phenyl-ketone, 67 
Nickel as catalyst, 89, 164 
Nitrides, 58 

o-Nitro-cinnamic ester, 132 
Nitro-compounds, rednction of, 
88, 94, 101, 162 
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Nitrogen fixation^ 54 
Nitroso-ketones, 22 

Olei&nes from alkyl chlorides, 99 
Organo-metals, 19, 50, 62, 82, 120 
Oxalic acid, 161 
Oxalyl-acetic ester, 21, 121 

Palladium, 101 
Pentamethylene, 61, 141, 
Petroleum formation, 91, 96 
Phenanthroxylene acetoaoetic 
ester, 32, 127 

Phenyl-ethyl- carbinol, 138 
Phenyl salicylic acid, 36 
Phenyl-tolyl-methane, 67 
Phloroglucin, 17 
Phthalic acid, 74, 162 
Phthalide, 146 
Pivalic acid, 60 
Platinum as catalyst, 93 
Polymethylenes, 4 
Potassium alkyl sulphate, 3 
cyanide, 30, 126 
ferricyanide, 37, 133 
hydroxide, 31, 127 
nitrate, 32, 125 
Propiolic acid, 37 
Propyl chloride, 72, 160 
Pyrazolon, 14, 118 
Pyrrol, 12, 69 
Pyruvic acid, 31 

Quinoline, 25, 27 
Quinones, 27 


Silicon tetraphenyl, 19, 50, 121 
Silver cyanide, 40 
hydroxide, 41 
Sodamide, 22, 124 
Sodium cyanide, 23, 67 
ethylate, 19, 122 
hydroxide, 24, 124 
Stannous chloride, 169 
Suberic ester, 36 
Succino-succinic ester, 16, 119 

Teraconic ester, 19 
Terpineol, 31 
Tetra-acetyl ethane, 13 
Tetramethylene carboxylic ester, 
15 

Thiophene, 12 
Thoria as catalyst, 98 
Tin tetrachloride, 87 
Tin tetraphenyl, 19, 50, 82, 120 
Toluene, 159 
Toluic aldehyde, 154 
Triacetyl-benzene, 20 
Trimetfiyl carbinol, 138 
Trimethylene, 4 

dicarboxyUc acid, 109 
Triphenyl benzene, 32 
carbinol, 139 
methane, 156 
methyl, 40 

Tungstic oxide as catalyst, 98 
Vanadium pentoxide, 87, 161 


Eeformatsky^s reaction, 65, 66, 

144 

Eubber, artificial, 24 

ajkyl syntheses, 64, 145 

Sabatier and Senderens, 89^ 1^4 cS 'i as’a jjedn^ng agent, 69, 146 


Sandmeyer's reaction, 39^^13*!^* 
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Wurtz-Fittig reaction, 2, 104 

a alkyl synthe 
as>a.re^uiC:ine 
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